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GLASS CONTAINER ASSOCIATION MEETS IN, NEW, YORK 


Ths first meeting of the Glass Container Association 
under the presidency of George F. Lang was called to 
order for a two-day session at the Hotel Biltmore in New 
York on October 29th. During the few months which 
have elapsed since the Spring Meeting held in Rye, New 
York, problems confronting glass container manufactur- 
ers have become more complex and varied than ever be- 
fore. Quite aside from the difficulties resulting from a 
war economy, the Glass Container Association faced the 
necessity of meeting under the shadow of the adverse 
Toledo Monopoly Trial decision which, because of its 
se\erely punitive nature, tended in itself to seriously com- 
plicate the normal approach to the complexities of war- 
tine manufacturing, distribution and sales. 

THE Giass INDUsTRY is not in a position to report the 
definite conclusions of the assembled members as to 
whether or not an appeal would be taken to the U. S. 
Supreme Court from the Toledo decision. However, it 
can be stated that there was complete unanimity of atti- 
tude in the discussions and an announcement concerning 
th: Association’s conclusions will be forthcoming shortly. 

Following the discussion of the Court Decision, the 
short two-day session more or less followed its usual pat- 
tern, exceptions being the introduction of problems 
resulting from the wartime economy. 

The need for continuing work on standard testing 
procedures and glass research was brought to the fore- 
front of the discussions. Such work is particularly nec- 
essary at a time when competitive packaging materials are 
being improved and their use extended, and_ these 
developments seem to be securing the interest not only 
of packérs but of WPB officials due to their effect upon 
the congervation of metals. The industry was urged to 
think in terms of higher quality and lighter weight glass 
containers as a safeguard against post-war competition of 
other materials. 

Victor L. Hall presented his semi-annual report of the 
Glass Container Association. In his introductory remarks 
Mr. Hall pointed out that “while the industry has been 
faced with many difficulties and uncertainties” since the 
last Association meeting he felt that comparatively speak- 
ing the glass container manufactures have been very for- 
tunate. From a standpoint of volume of business the 
industry was exceeding the volume of a year ago which 
then represented an all-time high. Mr. Hall stated that 
although early in the year it was estimated that the in- 
dustry should ship in the neighborhood of 80,600,006 
gross, as compared with 70,000,000 gross in 1941, an 
increase of 15.14 per cent, this goal is not now being 
anticipated. Shipments probably will show a 10 per cent 
increase over last year. 

In his report Mr. Hall touched on the vexing prob- 
lems confronting the industry such as difficulties in obtain- 
ing closure materials, traffic, labor committee work, etc. 

Recognition was accorded the work of’ the Preston 
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Laboratories of the Standard Testing Procedure Com- 
mittee, and of Bert W. Hendrickson in connection with 
broken bottle injury claims. In January of this year 
a meeting was held in New York to which representatives 


‘of the large franchise bottlers had been invited so that 


the work of the past few years could be brought to a 
practical head and some custom and usage adopted by 
the bottling industry. The meeting was entirely success- 
ful, with the Coca-Cola Company in particular taking a 
leading part in sustaining the position outlined by glass 
manufacturers based on their experience over the past 
six or seven years. Representatives of Pepsi-Cola, Coca- 
Cola and Canada Dry formulated a plan with their in- 
surance carriers, which when completed will be sub- 
mitted to the leading bottlers of the country. 

Research on glassed foods carried on by Dr. Fellers of 
Massachusetts State College has proven to have value in 
the glass container industry’s contacts in Washington. 
The Washington experiences have not only emphasized 
the need for this theoretical work but also the desirability 
of extensive investigation on the practical aspects of pro- 
cessing and handling of glass packed food products. Dr. 
Esselen is carrying on the work started by Dr. Fellows 
who is now serving in the Army. 

The work of the Labor Committee and Traffic Problems 
were touched on very briefly by Mr. Hall in his report. 
Both of these factors were covered in considerable details 
in separate talks by Mr. Ralph Lind on labor matters 
and Mr. U. E. McFarland on traffic problems. A few 
highlights of these talks appear further on in this report. 

Joseph C. Feagley submitted a detailed statement of 
the activities and recommendation of the War Activities 
Committee of the Glass Container and Closure Industries. 
In his report Mr. Feagley traced the work of the Com- 
mittee from its inception in September 1941 when it was 
known as Defense Activities Committee. Its past activi- 
ties are sufficiently well known to make unnecessary a 
detailed resume of its work. However a brief report of 
its recommendation based on its past experience and 
analysis of the problems of supply which lie ahead should 
be of interest. 

After emphasizing again that metal and rubber for 
closures was still the No. 1 problem which glassmen had 
to face as far as packaging matters were concerned, Mr. 
Feagley pointed out that packers and bottlers were start- 
ing now to plan for 1943 and that normally these plans 
would be completed by the first of the year. 

In order to avoid a “too little and too late” situation 
in the container fields Mr. Feagley’s Committee urged 
the appraisal of various types of containers from a stand- 
point of critical materials involved and the use of a ladder 
table as a guide to packers in their plans to convert from 
one type of container to another. This, however, is based 
on the assumption that the Containers Branch in coopera- 
tion with the Food Supply Branch will feel that every 


419 





































4 
: 
4 
; 
b 
4 
} 
2 
$ 


AMES pes Nei os ear boy 


eieiias a> ane 


et , 
SNA Re Sl RPE EN, 





effort should be made to pack foods of all types as ex- 
tensively as possible. Following is the table set up by the 
Committee: 


Orper OF CONTAINER PREFERENCE Basep ON Minimum Use 
or Critica MATERIALS 


1. An all-paper, an all-glass container, or glass containers and 
various combinations of non-strategic materials such as paper, 
porcelain, et cetera. 

A glass container with a blackplate closure. 

A paper container with two blackplate ends. 

A glass container with a tinplate closure. 

A glass container with a tinplate and rubber closure. 

. An all tinplate container with rubber sealing compound. 


Ap wN 


Further reflecting the Committee’s feeling with regard 
to the need for definite planning, precise instruction 
is contained in the following statement included in the 
report concerning orders M-104 and L-103: 

“To this end we believe that the amendments revising 
Orders M-104 and L-103 should be issued as promptly as 
possible. The reissuance of M-104 in the form of a 
positive order will serve to indicate to packers of all 
types, the products for which metal and rubber may be 
used as closure materials. The reissuance of Order L-103 
in simple layman’s language, stating in the body of the 
Order that the Director of Industry Operations may sim- 
plify and standardize glass containers, in the exhibits 
showing the glass containers which have been standard- 
ized, and in the schedules indicating the exact containers 
which must be used for certain products, will enable pres- 
ent users of glass containers to switch to standard con- 
tainers and aid packers converting from other containers 
to make the change with assurance that this problem has 
been studied and a definite plan worked out.” 

Mr. Feagley submitted the following as a guide both 
to glass container manufacturers and users in the develop- 
ment of plans and determining policies for 1943: 


1. Establishment of an order of container preference. 

2. Amendment of Orders M-104 and I-103. 

3. An augmented personnel ir Containers Pianch to aid in the 
administration of these orders. 

4. An allocation or allotment of sufficient metal and sufficient 
rubber so that packers may make their plans with confidence 
and in turn that glass container manufacturing facilities may 
be used to the greatest advantage in wartime packaging. 


Harry Kuni who has so ably been carrying on the 
Washington activities of the Glass Container Association 
since Mr. Carr’s resignation of this post was somewhat 
pessimistic with regard to the immediate future for glass 
container production in spite of the all time high volume 
of business done this year. He stressed the point that 
the full effect of restrictive orders such as M-104 and 
M-119 controlling the use of closure materials has not as 
yet been felt. To give emphasis to this point he stated 
that the absolute necessity of conserving steel, tin and 
rubber made it ‘certain that WPB would carefully scru- 
tinize uses of these materials with the inevitable elimina- 
tion of certain nonessential items. The reduction by 30 
per cent of metal for crowns for beer and soft drinks and 
the complete denial of closure metal for wines and 
liquors were mentioned by Mr. Kuni as indicating the low 
degree of essentiality with which important segments of 
the container industry are viewed by WPB. 

In connection with food packaging requirements, Mr. 
Kuni presented a calculation which he had made indicat- 
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ing that the amount of canned foods for civilians would 
be upward of two and a half billion units short of normal 
of the 1942-43 season. 

He stated that while the WPB has a very fair conception 
of the work involved, no clear policy has as yet been 
evolved which would put an end to the confusion which 
exists within both the packing and container industries. 
This confusion is strongly evidenced by the growing 
sentiment for a “Food Czar.” 

Mr. Kuni concluded his address by urging the industry 
to emphasize those types of ware used for food packing, 
and he felt that the industry’s ability to hold its present 
level of production would depend to a large extent upoa 
their success in this direction. 

Edward J. Detgen, Chief, Specialties Staff, U. S. De- 
partment of Commerce, gave the glass men a talk which 
was not only interesting but unusual in that he did not 
talk “off the record.” : 

“We think it is generally agreed,” Mr. Detgen said, 
“that substantial savings of steel and tin are achieved by 
the substitution of glass for metal containers. As evi- 
dence of this belief we can point to a number of producis 
which have already been shifted from metal to glass con- 
tainers, such as paint, beer, syrups, polishes, and many 
others. While no figures are available as to the extent 
of this substitution, we estimate that in the neighborhood 
of 10 billion cans are being eliminated from the packag- 
ing field and that glass containers are taking over a good 
portion of this volume. It is true that many of the 
products which have been denied metal containers have 
also been denied metal closures. It is also true that 
uncertainty exists concerning the availability of metal 
closures for borderline products which have not yet 
been denied metal. However, this situation will soon 
be clarified so that manufacturers and users of glass 
containers and closures will have a definite basis for 
determinations. 

“Despite the great economies that already have been 
effected in the use of critical materials by the container 
industries, intensive efforts are underway to further 
economize. In this connection, glass containers are being 
studied from two angles. First, to restrict the use of 
rubber and metal in closures wherever such restrictions 
can be applied without eliminating the packaging of 
essential products; and secondly, to find ways and means 
of using the excess capacity available in the glass con- 
tainer industry to package essential products now per- 
mitted metal containers.” 

In another part of his talk Mr. Detgen stated: “To 
put it bluntly, we are aware of the savings that can be 
achieved by the maximum utilization of glass if certain 
basic difficulties can be solved. It is your responsibility 
to contribute to their solution. When I tell you that by 
licking these problems we can visualize a saving of a 
half million tons of steel and about five thousand tons of 
tin, with no reduction in the number of available con- 
tainers, you will appreciate, I am sure, the significance 
of your assignment.” 

Dr. Frank W. Preston spoke to the glassmen about the 
glass research program, pointing out that research 
seemed about the only thing Judge Kloeb really approved 
in his recent decision, that is, so far as the Association 
was concerned. Dr. Preston urged the spending of more 
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THE ADHERENCE OF GLASS TO METALS 


R. M. KING* 


Gilass-to-metal adherence is important in the sealing of 
metal filaments in electric light bulbs, in the sticking of 
glass to molds, in the metal coating of glass for mirrors 
and other purposes, and in the application of vitreous or 
“porcelain” enamels to metals. A discussion of possible 
cause of the phenomena seems appropriate. 

In his excellent article on the influence of “oxygen 
bonds” and “residual valences”, Weyl' has suggested 
much for thought and experiment regarding glass-to- 
metal adherence, and has offered a plausible general 
theory for this phenomenon. Several statements, how- 
ever, require confirming references or confirming experi- 
mental evidence, particularly those relating to the influ- 
ence of cobalt oxide upon the adherence of enamel 
ground coats to sheet steel which seems to be a special 
case. Also, it is not clear what is meant by “residual 
valences” and “oxygen bonds”, and some discrepancies 
seem to exist in regard to conceptions of the fine struc- 
ture of glass as determined by X-rays on one hand and 
absorption spectra on the other. 

The term “residual bond” usually refers to the Van 
der Waal’s bond which, though present to a degree in 
most solids, is very weak and hence could not account 
for a substantial portion of the glass-to-metal bond 
strength. Also, in the surfaces of all solids and liquids 
certain unbalanced forces exist which give rise to surface 
tension and adhesion tension and with which are asso- 
ciated the so-called wetting properties of solids and 
liquids. Such forces, however, have not been shown to 
account for the marked adherence of ground enamels con- 
taining cobalt. It is conceivable also that bonds may de- 
velop from attraction between ions and dipoles and ions 
and induced dipoles, but here again we know little about 
such forces in glass-metal combinations. 

As to “oxygen bonds”, Weyl no doubt has in mind 
the singly bonded oxygens proposed by Warren*. The 
origin and presence of these bonds will be better under- 
stood from a summary of the work of Zacharaisen*, and 
Warren and coworkers”. 


1. Oxides such as SiO,, B,O,, P,O,, and others 
form glasses alone and must be present in mini- 
mum proportions in all glasses. These oxides 
are known as network formers and each cation is 
surrounded by three or four oxygen atoms at the 
corners of triangles or tetrahedra—a single 
oxygen at each corner. The charges on the ca- 
tions are high, the cation radii and cation- 
oxygen distances are small, and hence the cation- 
oxygen attraction is high. The radius ration of 
cation to oxygen ranges from 0.15 for B,O, to 
0.46 for Sb,O,;. With two possible minor excep- 
tions silicon is always surrounded by four 
anions and boron, except in special cases is sur- 
rounded by three anions. Thus these cations are 
said to have tetrahedral (fourfold) and triangu- 
lar (threefold) coordination. 


2. Cations such as those of the alkalies and 
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alkaline earths are called network modifying ca- 
tions because their oxygen becomes a part of the 
network by breaking some of the oxygen bonds 
thus producing the singly bonded oxygens re- 
ferred to above. These oxygens have a single 
unsaturated valence for which the network form- 
ing cations and network modifiers compete. The 
latter must take second choice in this competition 
because of lower bond strength arising from 
lower charge and larger radii. Hence the net- 
work formers maintain the same coordination as 
they possess in crystals, and while the same 
tendency persists with respect to the modifiers 
the net recult is a statistical grouping of oxygens 
about the modifying cation. On the average the 
number of oxygens about the cation is that found 
in the crystalline state, but the presence of the 
crystal grouping in glass is merely accidental. 
According to Zacharaisen* no two atoms in a 
glass are structurally equivalent. 

3. Beryllium oxide and aluminum oxide, ac- 
cording to Sun and Silverman’, may act both as 
network formers and _ network modifiers. 
Beryllium, as far as is known, always has 
fourfold coordination. Aluminum in the pres- 
ence of alkalies and alkaline earths may have 
both sixfold and fourfold coordination even in 
the same crystal. 


Oxygen Bonds and Adherence 

Assuming that the singly bonded oxygens in the 
glass structure contribute to adherence, how they func- 
tion is not apparent. If one might speculate it would 
seem that these free.oxygen valences would tend to oxidize 
the surface of the metal and the metal oxide would be- 
come a part of the glass. Then more oxygen bonds 
would form and this cycle would continue until an 
equilibrium is reached at which crystallization of the 
metal oxide would probably take place. If diffusion 
into the glass is not rapid, crystal formation might oc- 
cur quickly. The crystals formed might act as a cement- 
ing layer between the glass and the metal. 

Also, the oxygen bonds might attract the metal atoms 
and in this manner produce a degree of adherence. So 
little is known, however., regarding this possibility that 
speculation here is premature. 


Ceordination of Cobalt in Glass 
In considering the coordination of cobalt in glass, 
Weyl’ states :— 
“Only cobalt glasses where cobalt ion takes the 
place of silicon forming CoO, tetrahedra possess 
the quality of adhering to iron. Pink cobalt 
glasses where the absorption spectrum reveals 
the presence of CoO, groups do not exhibit the 
same quality.” 
Tetrahedral coordination of cobalt in glass has not 
been established by X-ray methods so far as this writer 
can determine. This element does not satisfy the chief 
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criterion established for such coordination in glass, 
namely a limiting cation-oxygen radius ratio. None of 
the network forming or intermediate oxides have a ca- 
tion-oxygen ratio above 0.46 with the exception of As,O, 
(0.51) and Sb,O, (0.66) which are special cases. 
Values for the twe cobalt ions are: Co++ : 0=0.62 and 
Cot+++ :0=0.50. According to Weyl® cobalt does not 
change its valence in glass, hence only the first value ap- 
plies here. 

It is true that cobalt in the compound CoAIl,O, has 
fourfold coordination, but so does magnesium, iron, and 
nickel in the compounds MgAl,0,, FeAl,O, and NiAl,O,. 
In silicates such as olivine, however, magnesium and iron 
have sixfold coordination. The coordination of cobalt 
in silicates has not been determined, but from analogy 
with the olivines and pyroxenes, and the close agreement 
in size of their radii and similarity of other properties of 
magnesium, iron, nickel, and cobalt it is a reasonable 
assumption that the coordination cobalt ion in silicates is 
sixfold. In a ground enamel, therefore, where the silica 
content averages about 50 per cent and the alumina only 
about 7 per cent it would appear that any tendency to- 
ward crystal coordination would result in formation of 
CoO, groups. 

Dietzel * has presented the same analogy in regard to 
groups occurring in glass and crystals and has differen- 
tiated between two types of changes in the coordination 
of cations in glass: (1) A change from a saturated to a 
lower unsaturated coordination, and (2) a change from 
a higher saturated coordination to a lower saturated co- 
ordination. As examples of the first type he cited the 
copper ion as having both four and sixfold coordination 
in glass as well as a middle condition in which two of the 
oxygens are at a greater distance from the copper ion 
than the other four. Lead was also represented as 
changing its coordination in glass as well as in crystals. 
Iron, nickel, and cobalt ions were given as examples of 
the second type and it was stated that the binding in 
CoO, groups is covalent and saturated. According to 
Weyl® these groups are blue in color and unsaturated. 

It seems important to emphasize the word tendency, 
for if many CoO, groups should form crystals of a cobalt 
compound might appear. The first indication, however, 
of successful competition on the part of cobalt to obtain 
its full quota of oxygen atoms would be the formation of 
immiscible liquid phases. Grieg® has shown that cobalt 
oxide-silica melts along with similar melts of CaO, BaO, 
and MgO exhibit liquid immiscibility within certain com- 
position ranges. The cations of these oxides have coor- 
dination numbers ranging from 6 to 8. It is quite likely, 
therefore, that cobalt has a tendency to form CoO, groups 
in such melts. 

Warren and Pincus’ based their plausible theory of 
immiscibility on the assumption “that the atomic ar- 
rangement in a glass melt is roughly the same as in the 
glass except for the obvious difference that in the melt 
bonds are continually breaking and forming.” In the 
light of this assumption it is difficult to reconcile the 
presence of “blue CoO, groups” and “pink CoO, groups” 
with known color changes in some cobalt glasses. These 
glasses are blue when hot and pink when cold, thus in- 
dicating a greater ability of cobalt to attract ions on 
cooling than in the hot melt if a pink color is character- 
istic of CoO, groups. 
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This brings us to a consideration of the relation be- 
tween the color of cobalt compounds and the coordina- 
tion of the cobalt ion. A difference of opinion seems to 
exist among investigators as to whether CoX, groups are 
responsible for blue colors and CoX, groups are respon- 
sible for pink colors even in solutions and crystalline 
compounds. Kiss, Csokan, and Richter’! state; “On the 
basis of a great deal of experimental material the as- 
sumption is refuted that all red cobaltous complexes 
have coordination number six and all blue ones have 
coordination number four.” 


It is true that cobalt in the compound CoAl,O,” has 
the coordination number four and the color is blue, and 
that the cobalt ion in the compound Co,SiO, has by 
analogy with the olivines the coordination number six and 
varies in color from red to violet’*. In the compound 
Co,CoO, cobalt has both four and sixfold coordination 
and the color is black. Also, the color of Co,.MgO,'* is 
black and the coordination of cobalt is sixfold while 
solid solutions of CoO and MgO are rose colored and 
the coordination number of both cations is six. 

Again solid solutions containing 30 per cent CoO and 
70 per cent ZnO are green and those containing 70 per 
cent CoO and 30 per cent ZnO are rose colored’* and 
the. coordination numbers are six and four respectively. 
The spinel (CoZnO,) has a darker green color and the 
coordination number of cobalt is six and of zinc four. 

According to Grieg® a cobalt-silica glass containing 
10 per cent cobalt oxide exhibits liquid immiscibility 
and is blue. By analogy with calcium, barium, and 
magnesium glasses the coordination tendency of cobalt 
is sixfold. 


Cdéordination of Cobalt and Adherence 


Assuming that cobalt does occur in ground enamels in 
fourfold coordination, let us examine the statement that 
such coordination is responsible for adherence. If true, 
then other cations having fourfold coordination also 
should promote adherence. Silicon is the most persistent 
in maintaining fourfold coordination in glass and crys- 
tals and ground enamels contain on the average about 
50 per cent silica. On the basis of fourfold coordina- 
tion, therefore, this amount of silica should bring about 
more adherence than 0.8 per cent cobalt oxide, but this 
is not the case. Furthermore, in the presence of alkalies 
and alkaline earths some boron and aluminum ions are 
likely to have fourfold coordination. The average B,O, 
and Al,O, contents of ground coats are 14 per cent and 
7 per cent respectively, but no enamel technologist would 
agree that these compounds would be satisfactory substi- 
tutes for cobalt oxide. 


According to Dietzel’ iron, copper, and nickel also 
occur in fourfold coordination in glass. If the analogy 
between glass structure and crystal structure holds for 
these elements and cobalt, it no doubt holds for mag- 
nesium. None of these elements except nickel approach 
the adherence promoting properties of cobalt. 


Furthermore, ground coats contain about 4 per cent of 
fluorspar. According to Weyl’s' plausible theory the 
substitution of fluorine for oxygen in a glass reduces the 
adherence. Hence the pre%ence of fluorine in the enamel 
would partially, at least, offset the influence of any pos- 
sible CoO, groups. 
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Again, if we attribute adherence to the free valence of 
singly bonded oxygens we must assign part of the credit 
for this adherence to the network modifying oxides for 
they are a co-author of the free oxygn bonds. The net- 
work formers have the bonds and the modifiers break 
them. One might, therefore, be inclined to give the 
greater part of the credit to the modifiers, and to assign 
greater adherence promoting powers to cobalt as a mod- 
ifier than to cobalt as a possible network former. 

The above given statements lead one to conclude that 
if CoO, groups are present in cobalt ground coats their 
influence upon adherence is insignificant. 


Color of Cobalt Glasses and Adherence 


In order to check the statement that blue but not pink 
cobalt glasses exhibit the property of adherence some ex- 
periments were performed, the results of which are given 
in the following table: 


Glass Color 
Composition Hot Cold Adherence 
99.2 B03-0.8 CoO, Blue Reddish Fair 
violet 


12.9 Na20-87.3 BeO3-0.8 Coz04 BluePurple Good 
6.3 NavO0-92.9 BoO3-0.8 Cos04 Blue Red violet Good 
40.8 Na20-68.4 BoO3-0.8 Coz04 Blue Blue Good 
9.2 BeF2-0.8 Cog04 Lt. Blue Lt. Blue Good 
ie ae a Good 
98.7 BeFo-1.3 CoCle Pirk Pink Fair 


\dmittedly, methods for determining adherence of these 
lasses were crude since no accurate methods were avail- 
able. Also, compositions of glasses were different from 
enamels, and because of their solubility could not be 
applied by usual methods. Hence a special technique 
was used. It is significant, however, that in all tests the 
greater part of the area of break occurred within the 
glass, and in some tests all of the break occurred within 
the glass rather than between the glass and the metal. 
The statement that pink glasses will not adhere to steel 
is not therefore confirmed. 

Furthermore, it will be noted that even beryllium flu- 
oride glasses had “substantial adherence to the iron. 
This is significant in the light of the role assigned to 
free oxygen bonds and in the light of statements that 
when fluorine is substituted for oxygen free bonds are 
not formed and adherence is reduced. 


Oxide Theory of Enamel Adherence Inadequate 


The traditional theory of enamel ground coat adher- 
ence is known as the oxide theory and is based upon the 
presence of iron oxide at the enamel-iron interface. 
Spencer-Strong and King’ found, however, that when 
enamels were fired under such conditions that equilib- 
rium was attained between the phases at the interface, 
no iron oxide was to be found, and yet adherence was 
good. This suggested that the oxide phase found when 
enamels were fired under commercial conditions is not 
necessary for adherence. 

It is probably not a coincidence that the protoxides 
of the two most easily enameled metals, iron and copper, 
have peculiar properties. Some doubt exists as to 
whether the oxide FeO can be prepared. A range. of 
solid solutions, however, does exist in which all com- 
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positions are lower in iron than theoretical FeO. These 
solid solutions are unstable, however, below 575° C., at 
which temperature they decompose into iron and Fe,0,."° 
The fact that “FeO” is unstable at room temperature and 
that Fe,O, is soluble in ground enamels renders the oxide 
theory of adherence untenable. 

No intensive research has been done on the adherence 
of enamels to copper, but Cu,O has a structure which 
“can be regarded as an interstitial solution of oxygen in 
the metallic copper lattice”."° This suggests the pos- 
sibility of a linkage between oxygen in the enamel and 
copper which might account partially for the adherence 
of enamels to copper. 


Action of Cobalt in Ground Coat Enamels 


According to Weyl “The phenomenon of glass-to-metal 
adherence is very complex and cannot be covered by a 
single explanation.” If by “single explanation” is meant 
a‘general explanation, this statement applies particularly 
to the action of cobalt in enamel ground coats. Enamel 
technologists have sought for years for an explanation of 
the action of cobalt but no general explanation has been 
found satisfactory. So it has become necessary to search 
for some specific action of cobalt. 

Reference was made above to the possibility of a crys- 
tal phase forming at the enamel-metal interface and act- 
ing as a bonding agent. Attention was also called to 
the fact that because of the decomposition of “FeO” at 
low temperatures Fe,0,, Fe and possibly “FeO” may be 
present at the interface. Further, it was mentioned that 
under equilibrium conditions only Fe has been found but 
adherence remained good. Iron found under such con- 
ditions has a dendritic or tree-like structure. These 
dendrites are always present when adherence is good and 
absent when adherence is bad. It has been found that 
cobalt aids in their formation.’ That they play a pri- 
mary role in the marked adherence of cobalt ground 
coats to steel is supported by an array of evidence which 
has not been successfully contradicted. Admittedly 
“oxygen bonds” and “residual valencies” from any source 
may play a secondary role but adherence from these 
sources is probably not unique with respect to cobalt. 


Adherence of Glass to Molds 


In the light of the conditions existing in glass molds 
during forming operations, as described by Dierker,'* it 
is entirely possible for dendritic adherence to be a fac- 
tor in the sticking of glass to molds. The possibility 
should be worth investigation. 


Summary 


The basis for Weyl’s plausible theory of adherence 
through “oxygen bonds,” which seems to be applicable 
to glass-to-metal adherence in general, has been dis- 
cussed. Some discrepancies as to the source of these 
bonds and as to ionic groupings in glass as revealed by 
X-ray and absorption spectra technique have been 
pointed out. 

Evidence relating to theories for the adherence of 
cobalt-bearing-ground enamels to sheet steel have been 
reviewed. It has been emphasized that although some of 
the adherence of these enamels may be attributed to 

(Continued on page 440) 
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NEW ANNEALING TECHNIQUE IN OPTICAL GLASS 
PRODUCES GREATEST HOMOGERITY 





Fig. 1. Glass technologists know that the density, refrac- 
tive index, and other properties of glass vary with the 
degree of annealing. new scientifically controlled 
process of heat-treating optical glass developed by Dr. 
E. D. Tillyer, research director of American Optical Com- 
pany, produces maximum density, compacted glass that is 
perfectly homogeneous throughout its entire structure 
directly and quickly without relying on trial and error. 
This optical uniformity simplifies the mass grinding and 
polishing of precision optics and prisms. The process also 
stabilizes the class so that future changes in its perform- 
ance do not take place with age. As shown above, first step 
in developing the new process was drawing small chilled 



















Fig. 2. The glass specimen was then placed in a Dila- 
tometer, instrument used to record the changes in length 
of glass and metals under heat treatment. Heat was 
gradually increased in the furnace chamber of the instru- 
ment to just below the known softening point of the 
specimen. By means of a beam of light and a photo- 
graphic attachment, a greatly magnified record of the 
difference in the expansions of the specimen against -a 
standard was continuously photographed. Above, Dr. Till- 
yer (left) supervises the adjustment by B. J. Ziegler of 
the Dilatometer prior to the running of the test. 


glass specimens for thermal expansion testing. 





Fig. 3. Here you see Dr. Tillyer and John 
K. Davis translating the film into another 
graph to obtain the expansion coefficient 
of the glass at different temperatures. As a 
result of his laboratory tests and calcula- 
tion, Dr. Tillyer discovered the best time- 
temperature cycle which accomplishes two 
objectives: the removal of birefringence 
strain from the glass, the previously known 
step; and also a thorough packing and set- 
tling of the atomic structure of the glass 
during annealing to maximum density. 














Fig. 4. To prove the new theory of heat-treatment, elec- 
trically heated “thimble” furnaces were built. In _ these 
furnaces tiny pieces of glass for refractive index measure- 
ments were maintained around the critical temperature 
range as indicated on the expansion chart shown in pic- 
ture 3. Above, Dr. Tillyer examines a specimen from a 
previous run while W. B. Reed checks the temperature in 
the other furnaces. Samples held at the temperatures 
selected from the chart were proved to reach maximum 
refractive index in the shortest time. 





Fig. 6. The above picture demonstrates scientifically 
the value of the new heat-treating process. The prism 
at the left, as seen through an interferometer, is a typ- 
ical result, often obtained with old forms of annealing. 
The curved lines indicate refractive index (light-bend- 
ing power) of the glass was not constant throughout. 
The prism at the right is properly heat-treated by the 
new technique. The straight lines show that the glass 
is homogeneous throughout its entirety, indicating that 
maximum packing (index of refraction) has been 


reached. 


NOVEMBER, 1942 














Fig. 5. Close-up of the tiny glass samples annealed 
during the development of this new technique of heat- 
treating optical glass. The new process permits the 
manufacture of precision lenses and prisms that do not 
have to be reannealed or hand corrected, and that do 
not lose their accuracy with age. 





Fig. 7. Here’s an end result of Dr. Tillyer’s new method 
of annealing optical glass—an essential and difficult roof 
prism, to be used in a precision instrument. Development 
of the new process is highly significant because it elimi- 
nates production delays and rejections previously en- 
countered in manufacturing complex prisms and precision 
lens systems for which there is in urgent military demand. 
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THE DEVELOPMENT OF LOW MELTING GLASSES ON THE 
BASIS OF STRUCTURAL CONSIDERATIONS 


By NORBERT J. KREIDL'* and WOLDEMAR A. WEYL* 


PART Ill 


LIMITING FACTORS OF STRUCTURAL 
CHANGES 


Introduction 


In the preceding chapter the structural changes have 
been described which improve the meltability of a glass. 
The practical methods used for this purpose as a rule 
involve several of these structural changes simultaneously. 
Only by a combination the maximum effect can be ob- 
tained: for, the degree to which any one of these changes 
can be applied is limited. The weakening of the glass 
structure resulting either from the change in the geo- 
metrical configuration or the diminution of interatomic 
forces unfortunately causes a certain instability of the 
glass which favors devitrification and chemical disinte- 
gration. From a general viewpoint, the following limita- 
tions have to be considered if one of these structural 
changes is carried too far: 

(a) 
(b) 


devitrification (c) 


(d) 


volatility 


immiscibility chemical attack 


(a) Devitrification 


Devitrification as a limitation of structural changes has 
been encountered in the previous discussions when exces- 
sive amounts of a basic oxide like CaO were considered 
as an addition causing an increased oxygen ratio. The 
more we approach the oxygen ratio of ortho, or even 
metasilicates, the less chance we have to maintain the 
glassy character on cooling. But even in the more secure 
composition fields of the more acidic commercial glasses 
the necessity of holding the glass for considerable time 
at a working temperature, which favors crystallization 
may cause devitrification. Molding and working opera- 
tions which expose the glass for a longer time to this 
dangerous temperature range, like the drawing processes 
of the window glass, may encourage devitrification in 
glass compositions which appear safe under other manu- 
facturing conditions. 

Absolute security against devitrification is only war- 
ranted, if the liquidus temperature of the glass composi- 
tion is lower than the working temperature. According 
to this severe condition the temperature corresponding to 
the relatively viscous working range must be higher than 
the liquidus temperature above which no crystalline 
phase is stable. 

We are not able to calculate the liquidus temperature 
from the composition and even if such a formula would 
exist for simple systems it would hardly be applicable to 
the problems of glass technology. However, many typical 
influences on devitrification can be fairly well gathered 
from the growing information available on the liquidus 
curves of simple glass forming systems. The best collec- 
tion of this information is compiled in “Properties of 
Glass,” by G. W. Morey, who participated in the estab- 
lishment of the most important equilibria. As a rule, 
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more complicated than ternary systems are not at our 
disposal, although some interesting excursions into the 
more complex fields have been made. Certain fields of 
devitrification remain qualitatively similar if minor quan- 
tities of further components are added, so that conclu- 
sions from ternary systems can be drawn for more com- 
plex systems. Moreover, as a rule, the probability of 
devitrification decreases with the addition of further coin- 
ponents, and lower eutectic temperatures are encountered. 
This allows us to say that suitable ternary compositions 
provide starting points and indicate the expected limiita- 
tions for multicomponent melts devised according to the 
various principles to decrease the melting temperatu:e. 

This consideration definitely limits the use of calcium 
oxide which does not influence meltability in a speciiic 
way but represents a desirable constituent promoting 
chemical stability. The liquidus temperatures and the 
phases crystallizing in the soda-lime silica field have becn 
accurately established by G. W. Morey and other mem- 
bers of the Geophysical Laboratory in Washington. In 
Morey’s book on the properties of glass we find an 
ample discussion of this subject. The addition of CaO 
beyond the usual amounts of about 20 per cent in soda 
lime glasses rapidly increases the devitrification tendency, 
although the crystals observed are not always those pos- 
tulated by the equilibrium diagram. 

For eliminating these devitrifications the introduction 
of small amounts of MgO, Al,O, and B.O, was particu- 
larly successful. Morey’s representation of the very low 
liquidus temperature caused by 2-3 wt. % MgO in a 
soda-lime-silicate glass is illustrative of the probable in- 
fluence of similar additions of MgO to other and more 
complex silicate glasses. An example of Morey’s results 
is the addition of 2.5% MgO to the glass containing 
14.86% NaO,, 9.83% CaO, and 75.15% SiO., which 
decreases the liquidus temperature by 200°C. 

The similar influence of small amounts of alumina 
was studied by the same author. 2% AI,O, replacing 
CaO caused a drop of the liquidus temperature by 80°C 
in a glass containing 14.3 Na,O, 11 CaO, and 74.7 SiO... 

B,O, lowers the liquidus temperature considerably only 
if the glass is very high in SiO,. 

Even though conclusions drawn from simple systems 
obviously have to be applied with caution, the study of 
these fundamental effects is responsible for many suc- 
cessful approaches in practical glass melting, where 
“beautiful” devitrification samples become more and 
more a rarity. Similarly, Al,O, and B,O, will always be 
found useful in the development of new low melting 
glasses whenever devitrification threatens. 


The use of lithium oxide which according to our pre- 
vious discussion, represents a very powerful flux, is 
chiefly limited by its tendency to promote devitrification. 
Consequently, it is mainly used in combination with the 
other alkali oxides and rarely exceeds one-fifth of the 
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total alkali content. The use of potassium oxide, on the 
other hand, is a convenient way to decrease this tendericy. 

In order to avoid the crystallization in soda-lime glass 
melts the replacement of smaller amounts of CaO by 
PbO has been found helpful. 

The use of fluorides as fluxes is severely limited be- 
cause fluorine does not only increase the crystallization of 
silica and silicates, but also participates in the formation 
of various crystalline fluorides. For fluxing purposes it 
is not safe to exceed the use of 2-3% fluorine in soda-lime 
glasses. 

Only in rare cases is it possible to achieve the ideal 
non-devitrifying glass by lowering the liquidus tempera- 
ture below the working range. But this absolute guar- 
anty against devitrification is not necessary, if we succeed 
only in reducing the speed of crystallization in the 
working range so that crystallization is practically im- 
possible. The speed of crystallization of different glasses 
varies considerably. Certain melts such as lithium or 
calcium silicates require rapid chilling in order to re- 
main in the vitreous state, whereas pure potassium sili- 
cates have to be treated for months at favorable tempera- 
ture before devitrification is noticeable. Influencing the 
speed of crystallization is the most common way of pre- 
venting devitrification of commercial glasses. 


Alumina and boric acid do not only lower the liquidus 
temperature but also decrease the speed of cystallization, 
and. as is known, prevent devitrification in technical 
glasses. The reason can be seen easily from the follow- 
ing structural considerations. The network modifying 
ions such as Ca, Ba, or Li are very mobile in glasses 
down to low temperature. They are known to migrate 
through the rigid glass network when an electric field is 
applied. The network forming ions silicon, boron, and 
aluminum, on the other hand, are interlinked by strong 
chemical forces and are not very mobile when the glass 
has reached the relatively high viscosity of the working 
range. The formation of a devitrification product, for 
instance, calcium melasilicate, in a pure soda-lime-silicate 
glass is relatively probably, because the mobile calcium 
ions have just to diffuse into a certain volume element 
where they replace the sodium ions, which are very mo- 
bile, too. The silica network has to undergo only a 
slight geometrical change because no Si-O, tetrahedra 
have to be removed from this volume element. The same 
process in a borosilicate or alumisilicate glass is con- 
siderably more involved. Although the adjustment of 
the calcium and sodium ions can again take place with 
the same velocity, the formation of the crystal lattice of 
wollastonite (CaSiO,) now would require the removal of 
Al-O, or B-O, units or their replacement by Si-O, units. 
This latter process involves reactions of the high acti- 
vating energy which corresponds to the breakage of the 
strong Si-O and Al-O bonds. Consequently, it requires 
more time. In this way the introduction of ions other 
than silicon which participate in the network proper de- 
crease the speed of crystallization of silica and silicates. 
Even crystallization of alumosilicates such as nepheline 
is a slow process because the rearrangement of Al-O, 
and Si-O; units necessitates the breakage of many Al-O 
and Si-O bonds. 

From experience it is known that molten feldspars 
are extremely difficult to crystallize; for, in this case the 
erystallization process involves the moving of Al-O, and 
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Si-O, units from their statistical positions into the places 
required by the symmetry of the crystal. The same 
mechanism would have to take place in an aluminum 
containing glass. 


(b) Immiscibility 


The phenomenon of immiscibility has been studied 
repeatedly. It is relatively common in binary systems, 
but usually the addition of further components rapidly 
closes the immiscibility gap. From this point of view, 
immiscibility is a serious limitation only for glasses of 
the vitreous silica type, if their melting point is to be 
lowered by additions of a divalent modifying oxide. Im- 
miscibility occurs when CaO is added to fused silica. The im- 
miscibility between CaO and SiO, rapidly decreases when 
small amounts of Al,O, are added. In the same way 
small amounts of alkali are sufficient to destroy the im- 
miscibility existent between CaO and B,O,. Avoiding 
immiscibility in the development of glasses is, therefore, 
even simpler than avoiding devitrification. Applying 
different structural changes simultaneously leads to 
multi-component glasses, where immiscibility does not 
occur. 


(ce) Volatility 


The fifth of the structural changes discussed was based 
on replacing part of the oxygen by fluorine or chlorine. By 
such a replacement, the sum of the valencies of the glass 
constituents is decreased and the melting range lowered 
accordingly. This change leads soon to another limitation 
besides crystallization. The more oxygen we replace by 
fluorine, the more probable becomes a configuration of 
the type Si-F, where the valencies are saturated within 
the tetrahedron. A Si-F, group, therefore, does not act 
any more as a structural unit, which can be interlinked 
with other similar units, forming a _three-dimensional 
network. Si bound to four F represents a molecule 
silicon tetrafluoride, and can easily volatalize from 
the melt causing a loss of both fluorine and silicon. 
Some other fluorides forming in the melt. such as the 
alkali fluorides may also volatalize. The limitation im- 
posed upon glass compositions by the volatility of fluor- 
ides has been exaggerated in the past, but it is still seri- 
ous enough to be considered whenever fluorine is used 
in excessive amounts. How much fluorine a glass can 
stand depends upon its composition. Glasses high in 
Al,O, and P,O, seem to be able to retain fluorine in the 
melt under conditions where pure silicate glasses show 
a considerable fluorine loss. 

Chlorides, bromides, and iodides have such a high 
vapor pressure that they cannot be introduced easily into 
high melting glasses. In low melting glasses and enam- 
els, however, halides offer another possibility for lower- 
ing the melting temperature and here the immiscibility 
might be considered more of a restriction than the vola- 
tility. 


(d) Chemical Instability 


The weakening of the structure which results in the 
desired lowering of the melting temperature will fre- 
quently impair the chemical resistivity. 

The successful development of low melting resistive 
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glasses would be impossible, if the chemical resistivity 
and the structural strength were completely parallel. 
Fortunately, this is not always the case. The ordinary 
soda-lime glasses possess a much higher chemical restiv- 
ity than the sodium silicate glasses of the same melta- 
bility and corresponding structural strength. The earliest 
commercial glasses were based on this specific use of 
calcium oxide. Similarly soft sodium borosilicate glasses 
are fairly stable if compared to the water soluble water 
glass of equal melting behavior. It is true that the struc- 
tural strength contributes to the chemical stability; thus 
the addition of Al,O, increases both the structural 
strength and the chemical resistance of silicate and phos- 
phate glasses. Nevertheless, the preceding examples as 
well as a closer investigation of the mechanism of chem- 
ical attack shows that the influence of the glass com- 
position on the chemical resistivity is by far too compli- 
cated to permit an explanation on the basis of simplified 
structural principles alone. 

The chemical nature of the attacking medium intro- 
duces many variables. The attacking medium can be 
liquid or gaseous; solutions can be neutral, acidic, or 
alkaline; they may contain numerous ions capable of 
specific chemical reactions with the glass, such as 
fluorides and phosphates. The concentration of the re- 
action product increases constantly if the attack is caused 
by the action of the content of a container. On the other 
hand a window glass is attacked by rain under different 
conditions, because the reaction product is continuously 
removed. In all cases the reactions take place at the sur- 
face, which often becomes more or less hydrated and be- 
haves quite differently when compared with the bulk of 
the glass. But in each of these cases, the mechanism of 
chemical attack is different. The problem of developing a 
glass of high resistance has a definite significance only if 
the attack is specified. Nothing short of a treatment under 
closely simulated service conditions is a fair test of the re- 
quired resistivity. This being the case, it is not possible to 
specify theoretical rules concerning the composition of 
a low melting glass of something like a “good chemical 
resistivity.” One can, however, apply the present knowl- 
edge of the mechanism of chemical attack in combination 
with the empirical data on the influence of glass com- 
position on resistivity under various conditions. 

A convenient classification of chemical attack is again 
provided by the consideration of the two possible posi- 
tions of the positive ions in the glass. The network 
forming ions like silicon and the network modifying ions 
like sodium are bonded to their oxygen neighbors in a 
different way. This has been amplified in the foregoing 
section on structural changes leading to lower melting 
temperatures; but for the problem of chemical attack one 
obvious consequence of the “hole” position of the sodium 
type is significant. The ions in this position maintain 
their ionic character. On the other hand, the silicon 
oxygen bond is sufficiently strong to make the ionic na- 
ture of silicon negligeable for all problems arising out- 
side of its oxygen tetrahedron: the Si-O, group acts as 
a chemical individual, that is, as the complex anionic 
group SiO,*~. Having this in mind, we may differentiate 
between the following two types of attack: 

(1) The modifier ion (Na+) is exchanged with hydro- 
gen ions from the attacking medium. In this case, the 


Si-O, structure of the glass surface is not destroyed, but 
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changes in composition by the constant exchange of modi. 
fier ions and is finally converted into a hydrated silica 
gel. This composition change lowers the refractive index 
so that interference colors result, the order of which, 
permits an estimate of the thickness of this hydrated 
layer, that is, of the depth of attack. This form of attack 
is typical of the action of acids except hydrofluoric acid, 
(2) The continuity of the Si-O, tetrahedra is inter. 
rupted. This form of attack results in the complete corro. 
sion of the glass. But now the uppermost layer of the 
glass is dissolved completely, a new surface of identical 
composition is created, and, consequently, no interference 
colors appear. We expect this second mechanism of at- 
tack whenever the attacking medium forms soluble com. 
pounds with silica. Hydrofluoric acid and alkali are two 
examples. For the latter case, Geffken and Berger have 
given a complete explanation on a structural basis. 
The alkali ions and the OH~ ions from the solution 
are first absorbed at the locations of Si-O-Si bridges in 
the surface of the silica network, which they finally dis. 
rupt. As soon as all four oxygens surrounding a silicon 
have been separated from the adjacent Si-O, tetrahedra, 
the resulting Si-O, island is detached and enters the 
solution. The complete reaction requires two Nat per 
silicon. Fig. 8 shows the disruption of one oxygen bridge: 


Original Bond 


Fig. 8. Disrup- 
tion of Si-O-Si 
Atsorbed(NaoH) Bridges. 
a O Disruption 
+ 
NaOH 
Q Continued Action 
of Alkali 


The very fact that adsorption is a primary step in this 
particular mechanism of chemical attack explains that the 
influence of glass composition on chemical resistivity 
must be very different from that on strength and mellta- 
bility. The adsorption, for instance, of Na+ or OH™ 
ions from the solution will be individually favored or 
discouraged by the various elements introduced into the 
glass. The solubility of all reaction products formed in 
the liquid attacking medium is another decisive factor. 
We may summarize that the influence of the glass com- 
position on the chemical resistivity is by far more di- 
versified than that on meltability. 

This does not mean that the research worker has to 
develop his low melting glass without knowing anything 
about its chemical properties before he has exposed it to 
a service test. Some experience is available with respect 
to the influence of the incorporation of oxides such as 
Al,O,, CaO, BaO, ZrO,, TiO, on the resistivity towards 
alkaline, neutral and acid attack, which makes it possible 
to balance low melting glasses accordingly. 


(Continued on page 4414 
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PRODUCTION OF OPTICAL GLASS IN AUSTRALIA* 


By PROF. E. J. HARTUNG 


University of Melbourne 


The manufacture of optical instruments of many kinds 
for the Anaed Forces has become an important section 
of the extensive program of munitions production un- 


dertaken by Australia in the present emergency. Of ne-— 


cessity, a new and complex industry of this type had to 
cope with many initial problems, among which the sup- 
ply of suitable optical glass soon began to cause anxiety. 
Some glass was obtained from Great Britain and the 
United States, but in the dark months following the capit- 
ulation of France optical glass of good quality and in 
sufficient quantity was not obtainable. In certain direc- 
tions, the need became so great that spectacle lenses were 
used, and blocks of glass for the prisms of tank peri- 
scope had to be made by welding together many sheets 
of plate glass. 


The decision to undertake the production of optical 
glass in Australia was made in the latter half of 1940, 
and subsequent events have shown most thoroughly the 
wisdom of this policy. About fourteen months after the 
first experimental work was initiated, full-scale produc- 
tion of glass of admirable quality commenced and has 
continued uninterruptedly, so that Australia is now not 
only completely independent of external supplies but is 
even exporting optical glass to other countries. This 
achievement has been due to close co-operation between 
the Chemistry Department of the University of Melbourne 
and the technical staff and facilities of Messrs. Australian 
Consolidated Industries Ltd., to which organization the 
actual production of the glass was entrusted. It is also 
a pleasure to record the very willing assistance received 
from the staff of the National Bureau of Standards, Wash- 
ington, who placed freely at our disposal their extensive 
knowledge of technical details, thereby saving us much 
valuable time. 


The original program called for the production of six 
standard types of optical glass; this number was after- 
wards reduced to four which are now in production, but 
all six were made successfully in the laboratory. There 
were two main problems: (a) suitable raw materials for 
the glasses; and (b) suitable fire-clays for the pots. 
Fortunately, excellent sand was available in quantity, be- 
ing in regular use for making flint glass for table ware. 
This sand contains less than 0.01 per cent iron oxides 
and the optical glasses made from it have proved to be 
almost ideal in regard to freedom from color and turbid- 
ity. Other raw materials of high purity were soon located 
and removed further anxiety in this respect. The main 
experimental investigation was therefore directed to the 
selection of suitable pot-clays. About eighty specimens 
from various parts of Australia were examined as 
to refractoriness under load shrinkage, chemical com- 
position, especially iron and titanium content, texture 
and workability. From these about ten clays were selected 
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for further trial; these were suitably blended and 
fashioned into small open pots holding about 2 lb. of 
glass each. These pots were fired in a small gas furnace 
and the glass batch introduced through a silica tube into 
the pot at 1,400° C. until the glass was in quiet fusion. 
After stirring with a silica rod, the pot was heated at a 
steady temperature (usually 1,450° C.) for 12 hours, 
cooled down, cracked open and the glass examined for pot 
contamination. 


In such small pots, it was, of course, impossible to 
make optically homogeneous glass, but the resistance of 
the clays to glass attack and their general quality under 
the severe test conditions could be readily ascertained. 
It was felt that the results of these tests could be applied 
to the construction of suitable large pots with safety, ow- 
ing to the better volume-surface ratio in the latter and the 
lower and more controllable temperature to which they 
would be exposed. These expectations were realized, and 
it was also found possible to slip-cast the large pots and 
dry them ready for the pot arch in about six weeks. As 
these pots can be raised to the temperature of the melting 
furnace in 444 days, a great saving in time is thereby 
accomplished. 


The pot-making and optical glass annexes have been 
very simply constructed to facilitate handling and reduce 
labor to a minimum. The capacity of the former is amply 
sufficient to maintain a supply of pots for a one-day 
melting schedule for the glass, which in turn reduces shift 
problems and operating costs, while the pot-handling 
and the stirring equipment is simple and efficient. After 
inspection of the chunks of glass from the pot, they are 
softened and moulded into the required blanks in special 
steel moulds which produce a very clean product, thus 
requiring only small tolerances. These blanks are then 
annealed in electric annealers before being finally in- 
spected. 


A most satisfactory feature of the production has been 
the high yield per pot (55-60 per cent) of usable glass, 
most of it of very high quality. For example, measure- 
ments by the National Standards Laboratory of Australia 
have shown quite remarkable constancy in optical prop- 
erties of the glass from various parts of an individual pot, 
combined with very satisfactory freedom from striation 
or other .blemish. Tests on eight consecutive melts of 
borosilicate crown yielded a mean refractive index (Na) 
of 1.5100 + 0.00023 and barely detectable differences in 
dispersion. Indeed, the glasses now being produced fall 
in properties well within the tolerances set by the Aus- 
tralian Optical Munitions Panel, and insure, therefore, 
an abundant supply of excellent material for munitions 
purposes. 





*Reprinted by permission from “‘Nature,’’ London, England, May 9, 1942. 
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Practical Interpretations of Glass Technology 


Fundamental Aspects of Heat Transmission 


Glass melting furnaces are rather inefficient in regard 
to their capacity to fully utilize their heat input. Heat 
balance studies show that their thermal efficiency runs 
between 10 and 20 per cent. Our English colleagues 
faced with an increasing shortage of fuel have been giv- 
ing much thought to various methods of conserving fuel 
and in the case of glass manufacturing have been con- 
sidering various means of increasing the furnace 
efficiency. 

Smith, Roberts and Townsend (Journal Society of 
Glass Technology, April 1942) as their contribution to- 
ward increased furnace efficiency discuss the subject from 
the viewpoint of heat transmission in the furnace. The 
authors point out that the most important means of heat- 
ing the charge is by means of radiation and that with 
ordinary gaseous fuels the principal sources of such 
radiation are the hot walls and crown of the furnace. To 
increase the heat transfer from this source the walls and 
crown must be raised to as high a temperature as is pos- 
sible. In this connection important factors are the 
calorific value of the fuel, good mixing, and turbulent 
flow over the walls, the refractoriness of the furnace lin- 
ings and the emissiiivity of the furnace linings. This 
latter factor is of such importance that it may not be 
long before the glass manufacturer is purchasing refrac- 
tory materials on the basis of their ‘emissitivity char- 
acteristics. In fact the development of composite bricks 
(surface coatings on a normal brick which improve its 
emission properties) is one of the present trends in 
refractories manufacture. 

With hydrocarbon-containing fuels such as oil and 
natural gas, increased heating by radiation may be accom- 
plished by taking advantage of the continuous emission 
from the carbon particles in the flame. It was indicated 
that operating conditions may be more difficult, but by 
careful control of such factors as fuel-air ratio, stratifica- 
tion of air and fuel so as to obtain “diffusion” rather than 
“aerated” flames, and proper flame length, satisfactory 
working may be obtained. 

In the case of insulation the authors point out that this 
question is still being argued pro and con but that it 
appeared to them, in the case of tank blocks, that by 
insulating the tank blocks and simultaneously reducing 
the rate of fuel input, it should be possible to obtain the 
same temperature distribution as in the uninsulated 
furnace, but at a reduced fuel consumption. By insulat- 
ing the crown not only is the heat loss from the crown 
reduced but the efficiency of the furnace may be increased 
by the increase in radiation transfer due to the hotter 
crown. For example, if the temperature of the crown is 
1300° C and the temperature of the glass is 1200° C an 
increase of 30° C in the crown temperature increases 
the rate of radiation from the crown by as muth as 35 
per cent. (In this connection American open-hearth fur- 
nace practice has shown that insulation of silica crowns 
is quite successful if the crown temperature is con- 


trolled.) 
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Selenium Decolorizing 


Day and Silverman (Journal American Ceramic So- 
ciety, September 1942) have studied the phenomena of 
selenium decolorizing by the use of spectral absorption 
curves of glasses containing selenium and iron, together 
and singly, which had been melted under various atmo- 
spheres. The results obtained show that the decolorizing 
action of selenium is due to a simple oxidation—reduc- 
tion reaction. Under neutral or slightly oxidizing con- 
ditions the reaction is as follows: 


Na2SeO3 + 4 FeO = Se® + 2 Fe203 + NazO 


The decolorizing action in this case being due to the 
oxidation of the more colored ferrous ion to the les; 
colored ferric ion by the colorless selenite ion with the 
formation of red elemental selenium which physicall 
compensates as a complimentary color for the remainin;: 
unoxidized ferrous ion. Under reducing conditions th: 
principal reaction is: 


xX Se° +2 FeO + NavO — Nao Sex + FesO3 


As the melting conditions become more reducing mor: 
pink-colored. selenium is formed. Reducing conditions 
also favor the development of a brown-colored ion. Con- 
versely as the melting conditions become more oxidizing 
the pink color decreases. 

Due to the arsenic situation this latter phenomena is 
at present of direct interest to the practical man as it 
explains why increases of arsenic cause a decrease in th 
pink color due to selenium and why more selenium is 
needed for good decolorizing when the arsenic is in 
creased. This explanation of the decolorizing action o! 
selenium indicates that it may be possible to materiall; 
decrease the amount of arsenic used without seriously 
affecting decolorization. The trend at present is toward 
the use of less arsenic and practical experience may soou 
prove if this theory is correct. 

This theory of the decolorizing action of selenium may 
also be used to indicate whether or not the melting con- 
ditions are reducing or oxidizing. According to the 
reactions that must take place to properly explain the 
color changes a reducing condition is necessary for the 
formation of an excessive pink color. If then the ware 
strikes in the lehr the color change represents a continua- 
tion of the oxidation-reduction reaction and represents the 
reaction that must have taken place under reducing con- 
ditions. 


Cast Iren for Glass Molds 


At present the metal situation is such that much effort 
is being made to lengthen the life of glass molds through 
careful selection of the castings, increased care during 
machining and increased care during usage. The paper 
by Bruckner and Czyzewski (Journal American Ceramic 
Society, September 1942) deals with the influence of the 
metallurgical properties of the cast iron on its life and 
showed that by the proper control of casting conditions. 

(Continued on page 442) 
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INVENTIONS AND INVENTORS 


A Summary of United States Patents of Interest to the Glass Industry Issued During September 


Composition 


To avoid the hazard of fumes from phosphoric acid 
used in making phosphate glass, Frederick Gelstharp uses 
metal phosphates and particularly aluminum meta-phos- 
phate. A typical batch composition given in his patent 
2,294,844, assigned to Pittsburgh Plate Glass Co. is 65 
parts aluminum meta-phosphate, 14.5 parts monopotas- 
sium phosphate and 27 per cent monomagnesium phos- 
phate. When fused this is said to give a glass of the 
following composition: 

758% P2Os5 
14.2% AloOs 
5.0% K2O 
5.0% MgO 

A high index optical glass composition patented by 
Edwin Berger and Karl Rehm of Jena, Germany, con- 
tains up to 25 per cent boron oxide, up to 20 per cent 
lanthanum oxide and at least 45 per cent barium oxide 
and equivalents. The upper limits on boron and lan- 
thanum oxides are said to be necessary to deter crystal- 
lization of the glasses. If higher acid resistance is needed, 
J0 per cent or more of silica may be used. This is among 
the first of the glass patents for which all rights will be 
vested in the Alien Property Custodian until post-war 


‘ settlements are made. The patent was applied for Nov. 25, 


1940 and is 2,297,453. 


Furnaces 


To eliminate the injurious dust arising in the batch 
feeder, George W. Batchell of Toledo proposes the unique 
arrangement of Fig. 1 in which certain of the batch ma- 
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Fig. 1. 2,294,373: Batchell. To eliminate batch dust a 
portion of the charge is enveloped in a cylinder of molten 
glass made from the remainder of the batch and in this 
form is fed to the glass tank. 
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terials are premelted and used to encompass other con- 
stituents fed in fine ground form. It will be noted that 
a screw conveyor feeds the powdered materials into the 
forebay of a comparatively small furnace from which 
molten glass forms an enclosing shell or tube around it. 
The flowing batch-filled tube is fed into the main tank. 
A number of variations of this main principle are de- 
scribed in the patent which is 2,294,373. 


- Feeding, Forming and Shaping 


George B. Langer of Anderson, Ind. (Lynch Glass 
Corp.) has developed in patent 22,296,935 a modifica- 
tion for forming machines having rotary mold carriers 
of the type shown in Fig. 2. Since this general type of 
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Fig. 2. 2,296,935: Langer. This rotary forming table is 
provided with an extra position for mold removal to get 
away from obstructions imposed by the takeout unit. 


machine allows mold removal (for repairs or for chang- 
ing the type of ware) only when the molds are opened, 
it is obvious that there would normally be only two sta- 
tions at which this could be accomplished. This is fre- 
quently bothersome due to the presence of auxiliary 
mechanism such as conveyors or article takeout means. 
The molds are openable only when the cam allows the 
mold block rollers 16 to retreat toward the center of 
the cam as naturally occurs at station C. Langer has 
provided another mold opening and removing station on 
the other side of the machine at M. His method was to 
build a slot into the bottom of the cam at this point so 
that the roller 16 may slip into it and thereby allow 
the mold to open. The slot, which does not show in Fig. 2, 
is normally closed with a surface plate which is held in 
place by sustained air pressure. To free the slot so that 
a mold can be removed at station M it is necessary only 
to shut off the air pressure and open the exhaust cock 26. 

In patent 2,297,335 Frank H. Wheaton, Jr. of Mill- 
vale, N. J. (T. C. Wheaton Co.) tells of making ampoules 
by blowing in a mold a body in the shape of a bottle 
having a bottom and an open neck, reheating the neck 
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and stretching it to give the ampoule an elongated open 
ended stem. 

For the manufacture of spirals or helices of glass rod 
material suitable for chemical tower packing, Edmund 
H. Wellach of Corning, N. Y. (Corning Glass Works) in 
patent 2,296,321 describes apparatus which includes 
means for winding a filament of plastic glass supplied 
from the heated end of a glass rod, or even directly 
from a forehearth, onto a rotating spindle, and then pro- 


gressively drawing the set glass off the spindle in the 
form of a helix. 


Miscellaneous Processes 


A continuously moving table on which glass tubes or 
rods are mechanically cut to predetermined lengths was 
patented by Robert H. Houck, Joseph F. Greene and 
Oswald Behrend of Vineland, N. J. The machine takes 
lengths of tube or rod stock, holds them vertically in 
spaced guides, and scores them prior to dividing them 
into short lengths. This is patent 2,297,149 assigned to 
the Kimble Glass Co. 

Glass building block manufacture and design is de- 
tailed in patents 2,294,776 granted to Miles E. Freeman 
of Saratoga Springs, N. Y., and 2,297,337 granted to 
Otis W. Wiley, Port Allegany, Pa. (Pittsburgh Corning 
Corp.) The Freeman patent concerns an unclosed block 
which forms a wall structure through which air is free 
to move vertically and horizontally. The Wiley patent 
describes methods of making closed glass blocks con- 
taining a fiber partition coated with vitreous enamel. 
While the two half-sections are still hot from shaping, 
the fiber partition is placed between them and they are 
pressed together to form the final block. 

Patent 2,296,579 issued to Harry R. Seelen of Short 
Hills, N. J. (RCA) concerns a method of making seals 
for radio tubes. Glass to metal seals were the subject of 
another RCA patent 2,296,307 granted to Donnell W. 
Power of Summit, N. J. A third patent in this field is 
2,296,347 issued to Ray A. Hinkley and Edmund H. 
Wellach of Corning, N. Y. (Corning Glass Works) for 
an improved base assembly for electron discharge de- 
vices. 


Vitreous enamels are normally fused and then quenched 























g 
PAELLA, A444 
Ys ELLE 
VLLALLELADALALLELELSS 









Fig. 3. 2,296,711: Gaskell. In regulating the flow of 
glass to rolls, the back end of the throat 10 may be raised 
or lowered. 
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in water, the latter to aid in grinding them to a powder. 
A group of research men of the American Radiator & 
Standard Sanitary Corp. have been given a patent on a 
process wherein the molten enamel frit from a con- 
tinuous furnace is rolled into a thin sheet while it drops 
vertically from the furnace, and is then broken into leaf- 
like fragments. Rupture is brought about by slowly cool- 
ing the sheet almost to its annealing temperature, and 
then shattering it by the rapidly cooling action of water 
sprays. Enough heat is retained to allow the chips to be 
self-drying. This is patent 2,294,828 granted to Robert 
C. Boyd, Harry C. Roach and Chas. E. McNeal of Louis. 


ville. 


Sheet and Plate Glass 


Fig. 3 shows the proposal of Joseph Gaskell of St 
Helens, England, in patent 2,296,711 (Pilkington Bros.. 
Ltd.) for controlling the flow of glass from a forehearth 
to rolls. The glass flows through a spout of which the 
back e: d can be raised or lowered to vary the amount o! 
flow. 


A bending frame for governing the final shape of « 
glass plate bent by the influence of heating and gravity, 
is described in patent 2,297,315 assigned by Wm. Owen 
of Pittsburgh to the Pittsburgh Plate Glass Co. 


The problem of properly supporting glass sheets while 
they are being heated and chilled for tempering seems 
ever with us. In this one month supporting apparatus 
was patented by three different groups of workers. The 
patents were 2,297,246 issued to Alberto Quentin of 
Milan, Italy, 2,297,181 to Theodor G. Weihs of Pitts- 
burgh (American Window Glass Co.) and 2,296,691 to 
Delmer J. Sullivan and Gerald White of Toledo (Libbey- 
Owens-Ford Glass Co.). The Quentin patent provides a 
frame which receives the heated sheet on its emergence 
from the furnace and supports it resiliently, but in posi- 
tive alignment while it passes between the’ blowers. A 
mere suspension from wires has led to damage of sheets 
due to striking blowers and other obstructions when they 
swing out of line. In this frame the bottom edge of the 
sheet rests in a spring tightened stirrup, and side wires 
are strung across the frame to confine the sheet. The 
Sullivan-White patent is particularly concerned with the 
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Fig. 4. 2,297,181: Weihs. Tongs 32 for use in temper- 
ing sheets are so pivoted as to divert some of the pull to 
a horizontal plane, to reduce tong marks. 
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exact placement of the gripping tongs on sheets which 
are to be bent as well as tempered. It is necessary that 
the tongs fit into the recesses provided for them in the 
bending molds. Provision is made for a frame on which 
the sheets are placed and spaced before they are lifted 
to the position where the tongs are fastened to them. The 
Weihs patent describes tongs of the type illustrated in 
Fig. 4 which are free for some movement either laterally 
due to the bearing pin in the upper end of tong arm 23, 
or sideways due to the rolling action of pin 22 on which 
the tong-arm is mounted. An advantage of this type of 
mounting is said to be the division of stresses so that 
there is a small horizontal pull. The diminishment of 
vertical stresses reduces the tong marks on the heated 
-heets. 

Methods of constructing doors to utilize tempered glass 
-labs are described in Pittsburgh Plate Glass Co. patents 
2,294,792 granted to Robert A. Miller of Tarentum and 
.294,856 granted to Geo. L. West of Pittsburgh. 

Patent 2,297,417 issued to Adolf Kampfer of Berlin 

rights held by Alien Property Custodian) covers a lam- 

inated product in which the interlayer is a definite type of 
polymer from the group consisting of polymerized vinyl 
icetate and acrylic acid ester. 


Glass Wool and Fiber 


Fig. 5 shows the method of patent 2,294,588 for cen- 
trifugally producing glass fibers. To avoid past difficul- 
ties when the centrifugal device is too far from the glass 











Fig. 5. 2,294,588: Pazsiczky. A centrifugal unit for 
throwing molten glass to form fibers is located in the fore- 
hearth instead of at some removed point to which the glass 
cannot be conducted without greater cooling. 


source, the inventor G. von Pazsiczky of Tamburg, Ger- 
many, brought the fiber throwing element all the way to 
the forehearth. The glass is drawn upwards from the 
supply body into a layer whose thickness gradually dim- 
inishes to the point where it is thrown outwardly from the 
upper edge of the gathering cup to be thereby attenuated 
into fine fibers. 

Patent 2,295,639 issued to Daniel C. Drill of Wabash, 
Ind. (American Rock Wool Corp.) describes a method of 
throwing fibers from a corrugated air cooled drum. An- 
other mineral wool patent is 2,295,971 (Clinton L. Sa- 
vidge of Toledo; Ohio Insulation Co.) which concerns 
the formation of bats or matting. The fibers blown into 
a collecting chamber and removed on a conveyor be- 
tween rolls in more or less orthodox fashion are bonded 
with a sheet of asphalt faced paper, the asphalt being 
softened for bonding purposes by the heat of the collect- 
ing chamber. 
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THIS LITTLE PIECE 
OF DOLOMITE LIMESTONE 





HELPED MAKE THIS 
BATTLE WAGON 





The Banner Quarry output is going almost 
exclusively to these four essential indus- 
tries—steel, building, glass, agriculture. 
Large tonnages from the Banner Quarries 
are used in blast furnaces and open hearth 
furnaces to make the steel needed for the 
fighting ships of Uncle Sam's Navy. 
Today, steel is more important than 
gold. Gold mines have been closed down 
but the great steel mills are going ‘‘full 
blast."" Among the essentials necessary in 


the making of steel is Limestone. 


THAT'S WHY Banner-fime 1S 3 
~ 


NATIONAL MORTAR AND SUPPLY COMPANY 
Grant Building, Pittsburgh, Pa. 


Since 1907 . . . A good company to do business with 
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CURRENT STATISTICAL POSITION OF GLASS 


Activity in the glass industry during September showed 
a slight decrease over the previous.month in production, 
payrolls and employment. According to The Glass In- 
dustry Production Index, output during September 1942 
was $38,000,000, bringing the January-September cumu- 
lative total up to $327,000,000 as compared to $338,- 
000,000 in 1941’s corresponding period. The total for 
September 1941 was $41,000,000. 


Plate glass production during September totalled . 


4,741,472 sq. ft. according to the Plate Glass Manufac- 
turers of America. This was an increase of 23 per cent 
over the previous month’s total and 63 per cent below 
the volume reported for September 1941. During the 
first 9 months of this year plate glass output amounted 
to 47,712,535 sq. ft. as compared to 150,047,208 sq. ft. 
produced in the same period last year—a decrease of 68 
per cent. 


Window glass production for the month of September 
was 1,096,883 boxes, representing 67.6 per cent of the 
industry capacity. Production for September 1941 was 
1,123,159 boxes or 69.2 per cent of the rated capacity. 
The cumulative total for the January-September period 
was reported at 12,548,226 boxes, or an increase of 4 
per cent over the same period of a year ago. 


Glass container production during September totalled 
6,296,991 gross, as reported by the Glass Container Asso- 
ciation of America. This represented a decline of 5 per 
cent from the previous month and a slight decline over 
September 1941. During the first 9 months of 1942 the 
total was 59,777,949 gross, an increase of 17 per cent 
as compared to the same period in 1941. 

Shipments of glass containers during September de- 
creased approximately 1 per cent from the September 
1941 total, and very slightly from August 1942, to 
6,878,786 gross. However, the cumulative total for the 
January-September period of 1942 increased to 59,395,242 
gross, or 13 per cent greater than in January-September 
of 1941. 

The outstanding gains over September 1941 were: 
fruit jars—157 per cent; beer bottles—58 per cent; wide 
mouth food containers—26 per cent. A decrease was 
reported in medicinal and toilet ware of 32 per cent; 
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Production: Nine Months, January 
Through September 
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pressed food ware—31 per cent; narrow neck food con- 
tainers—20 per cent. The major increases uver 1941 on 
the 9 months basis were: beer bottles—105 per cent: 
domestic fruit jars—64 per cent; wide mouth food con- 
tainers—26 per cent. 

Inventories of glass containers for September totalled 
8,489,,934 gross—16 per cent. greater than a year ago. 


Miscellaneous glass products manufactured in Sep- 
tember were valued at the same figure as of September 
a year ago, namely, $15,000,000. During the first nine 
months of 1942 production in this branch of the industry 
totalled $136,000,000 as compared to $139,000,000 in the 
first nine months of 1941, or a 2 per cent decrease. 


According to a preliminary report of the census Bureau, 
twelve illuminating glassware manufacturers reported 
September sales totalling $712,000 which was 24 per cent 
under September 1941 but 10 per cent over the August 
1942 total. 


Automatic tumbler production during September 





CURRENT GLASS CONTAINER STATISTICS 


(ALL FIGuRES ARE IN GRoss) 


Production——— 





Classifications Sept. 1942 Sept. 1941 
POG ES 6 ee, Coe ts 2,247,652 1,956,265 
(Narrow neck, wide mouth, and pressed) 
Pressure and Non-Pressure Ware.... 301,238 353,584 
OG IS sa on cae eek eee 574,014 364,405 
EE NG 3a sx bass yo ose Ha dae 1,125,933 1,124,352 
Medicinal and Toilet Ware......... 1,159,493 1,770,722 
General Purpose... . 5 decease cca 383,519 344,482 
pT Ra a ae eer er 264,747 331,104 
Fete ON OS. oo occa wane ees 210,647 100,696 
Pe chk a oe Scares Se ia 29,748 24,153 
Ree Waar Oe 6,296,991 6,369,763 








Shipments- —End of Month Stocks— 

Sept. 1942 Sept. 1941 Sept. 1942 Sept. 1941 
2,474,376 2,322,027 2,350,954 1,740,888 
314,906 330,732 329,684 454,534 
636,182 401,337 280,214 503,522 
1,094,826 1,074,064 1,477,497 1,366,397 
1,286,361 1,891,380 2,988,786 2,377,291 
360,843 417,321 590,426 392,273 
285,715 342,496 330,481 291,831 
394,615 157,765 108,675 158,041 
30,962 30,767 33,217 36,398 
6,878,786 6,967,889 8,489,934 7,321,175 
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Menthly Trends Through September, 1942 
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amounted to 3,859,953 dozens, or 12 per cent less than 
in last year’s corresponding month. The January-Sep- 
tember figures totalled 38,836,864 dozens, as compared to 
39,165,362 over the same period of a year ago. Ship- 
ments for this September decreased 30 per cent from last 
year’s figure to 3,829,029 dozens and decreased 16 per 
cent from the August 1942 total. Total shipments for 
January-September 1942 were 38,698,505 dozens and less 
than 2 per cent below the same nine months period of 
1941. Stocks on hand amounted to 8,239,421 dozens for 
September, a total 14 per cent higher than in September 
1941. 

Manufacturers sales of machine-made table, kitchen 
and household glassware during September increased 6 
per cent over a year ago to a total of 3,605,505 dozens. 
For the twelve-month period ending September 30th this 
trade amounted to 36,238,209 dozens as compared to a 
total in September 1941 of 38,397,347 dozens. 


Employment and Payrolls: Employment in the glass 
industry during September totalled 81,000 persons as 
compared to 84,000 in the previous month and to 90,000 
in September 1941. 

Payrolls in the glass industry during September 
amounted to $11,000,000 as compared to $12,000,000 
in August and $11,800,000 in September 1941. During 
the first nine months of the year glass manufacturers paid 
out about $107,500 in wages as compared to $96,000,000 
in 1941 over the same period. 
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WALSH 
CAST-FLUX 





The Vacuum- 
east flux block 
of superior 


quality. 


Walsh Cast - Flux 
blocks are ma- 
chine-trued to ex- 
act size and shape 
after burning. 





THEY LAST LONGER 


The excellent results obtained in numerous 
tanks melting various types of glass has defi- 


nitely established the efficiency and economy 
of Walsh Cast-Flux blocks. 


Walsh Cast-Flux has a dense, uniform struc- 
ture; it is burned at higher temperatures, is 
thoroughly bonded and possesses a low coefh- 
cient of expansion. 


Walsh Cast-Flux blocks meet the most rigid 
requirements for tanks operating at higher 
temperatures . . . they insure greater tonnage, 
higher quality glass, freedom from defects, 
longer life and maximum economy. 


WALSH REFRACTORIES 
~ CORPORATION 


Manufacturers of Refractories for the glass industry 
for over 50 years 


4428 North First Street. 


St. Louis Missouri 
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JOHN T. OGDEN RETURNS 


After a year of active service with the Middle East 
armies, John T. Ogden has returned to the United States 
and to resume his publishing activities as president of 
Ogden-Watney Publishers, Inc. 

Early in 1941, before the United States entered the 
war, Mr. Ogden enlisted with the American Field Service, 
an organization that originated with World War I when it 
supplied some 2500 volunteer ambulance personnel and 
vehicles to the French Army. At the outbreak of the 
present hostilities in Europe, AFS sent units to Spain, 
Syria, and had just begun to operate in France at the 
time the French capitulated. 

When General Wavell requested 400 ambulances and 
800 men to be attached to his Middle East forces, Mr. 
Ogden helped to organize the first contingent for this 
service. As a First Lieutenant, he helped conduct these 
men over 24,000 miles of ocean on a voyage lasting three 
months to its base in Africa. Since then, until his receni 
return, he has been Staff Captain of the AFS, attached to 
GHQ, MEF. These duties took him to many parts of the 
war zone, including trips to Tobruk, El Alamein, Pales- 
tine and Syria. During the year he visited five continents. 


GEO. L. RANDALL APPOINTED PUBLIC 
RELATIONS MANAGER FOR WICKWIRE 


Announcement has been made of the appointment of 
George L. Randall as Public Relations Manager of the 
Wickwire Spencer Steel Company. In addition to his new 
assignment Mr. Randall, who has been associated with 
the company for seven years, will continue in charge of 
advertising. Mr. Randall was previously with G. Schir- 
mer’s, Music Publishers, and Warner Bros.. First Na- 
tional Pictures. 
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LINCOLN FOUNDATION MAKES AWARDS FOR 
WELDING STUDY 


The second industrial study on arc welding conducted by 
the James F. Lincoln Arc Welding Foundation of Cleve- 
land, Ohio, has completed its 244 year program, for 
which 408 awards totaling $200,000 were recently an- 
nounced. Papers were submitted by engineers, designers, 
architects, maintenance men and executives throughout 
the industrial field. 


Results of the study show the war industries have only 
begun to gain the benefits of modern arc welding; that 
arc welding will turn out vitally needed naval and mili- 
tary equipment which is more combat-proof, and at the 
same time will save an average of 300 pounds out of 
every ton of steel going into war production. The great 
mass of important new welding data contained in the 
papers will be made available for the benefit of war in- 
dustries in the form of articles in trade publications and 
other magazines and eventually in book form. 


Included among winners of awards in the glass industr y 
are: J. Claude Gentry, foreman in maintenance and con- 
struction, Owens Illinois Glass Company, Alton, Illinoi- 
Subject: Modernizing a factory; James Franklin Main 
chief engineer, Republic Structural Co., Cleveland, Ohi 
and S. Cotter, Lakewood, Ohio. Subject: Five-compart 
ment storage tank for glass manufacturing. For hi 
paper on “Conveyors in the pottery industry” an awari! 
was made to Harry C. Hebenstreit, plant engineer, Roya 
China Inc., Sebring, Ohio. 


NOTED METALLURGIST TO DIRECT BATTELLE 
RESEARCH ACTIVITIES 


Announcement has been made of the appointment of 
Charles G. Maier to the supervisory staff of Battelle Me- 
morial Institute, Columbus, Ohio. Mr. Maier, who has 
been associated with the U. S. Bureau of Mines for nearly 
twenty years, will direct and correlate an enlarged pro- 
gram of fundamental research and will serve as advisor 
and consultant to the Institute’s war research for the 
government and industry. 

Previous to his association with the U. S. Bureau of 
Mines, of which he was supervising research engineer of 
the Pacific Experiment Station, Mr. Maier was research 
fellow and subsequently assistant director of research at 
the University of Utah. He earlier held industrial posi- 
tions with The Carborundum Company and the Phelps 
Dodge Corporation. He is a graduate in electrochemistry 
and electrometallurgy of Massachusetts Institute of Tech- 
nology, 1914, and is the author of numerous journal con- 
tributions and Bureau of Mines publications. 

Battelle Institute, one of the country’s largest industrial 
research foundations, carries on fundamental and applied 
research in ferrous and non-ferrous metallurgy, ceramics, 
physics, organic and inorganic chemistry, fuels, coal prep- 
aration and utilization, ore dressing, and materials con- 
centration. 


® Dr. Cullen W. Parmelee, former professor and head of 
the Department of Ceramic Engineering at the University 
of Illinois, is now Professor Emeritus with offices in the 
Ceramics Building at the University. 
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KOPP GLASS APPOINTS RESEARCH HEAD» 


Kopp Glass, Inc. of Swiss- 
vale, Pa., has appointed 
R. Charles E. Leberknight 
to head their newly cre- 
ated Department of Re- 
search. Dr. Leberknight is 
a former member of the 
research department of 
the Union Switch & Sig- 
nal Company and was 
previously an instructor 
in physics at Carnegie 
Tech. 

Kopp Glass, _Inc., 
founded by Nicholas Kopp, discoverer of Selenium red 
signal glass, has manufactured railroad, marine, andtraffic 
signal glass for over forty years. The company has re- 
centiy withdrawn from making standard types of incan- 
descent lighting glassware and is devoting its efforts to 
the production of technical and industrial glass special- 
ties in which colored and heat-resisting quality glass 
and optical design play an important part. 





GLASS CONTAINER ASS’N MEETS... 
(Contained from page 420) 

money for research on the part of individual glass manu- 
facturers. 

Conversion problems were discussed by Mr. F. P. Gass 
in considerable detail. He enumerated several of the 
items which have been lost to food ware as a result of 
restrictive orders; such as baked beans, spaghetti, home- 
style pickles and dog food. Other types of glassware 
which have shown a decrease are those used for the pack- 
aging of such chemicals as alcohols, ammonia, boric acid, 
etc.. and the cosmetic and toilet goods fields. Beverage 
ware of course has also suffered. Offsetting these losses 
and partly accounting for the increased volume of glass 
container shipments over 1941 is the gain of about 4 
million gross of “No Deposit” and Quart beer bottles. 
Mr. Gass pointed out, however, that this was a special 
situation and should be disregarded from the conversion 
point of view. On the credit side of the ledger, it is 
estimated roughly that-new glass container uses will in- 
crease glass container shipments by about 614 millions 
gross, equal to about 81 per cent of the year’s shipments. 

On labor matters Mr. Roy Blunt outlined activities in 
the Baltimore area. Baltimore was designated as a criti- 
cal labor area and 1200 plants in that city are trying 
out a War Manpower Commission program designed to 
reduce or eliminate many of the difficulties involved in 
the utilization of labor both in civilian manufacturing 
and actual war production plants. 

On the second day of the meeting Mr. Ralph Lind, 
Secretary of the Glass Container Industry Labor Com- 
mittee, delivered an address on the over-all problems of 
labor in industry. His talk was quite comprehensive and 
included such matters as wage stabilization by Govern- 
ment regulation, the Overtime Compensation Order No. 
9240, and the problem of Holding and Replacing of 
Workers. 

The pressing problems under which the Glass Con- 
tainer Association has been operating coupled with the 
difficulties of doing business today did not permit quite 
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the same degree of social activity that usually prevails at 
G.C.A. meetings. However, the usual air of good-fellow- 
ship and friendliness was in evidence. Respite from 
knotty problems was afforded by luncheons at which the 
members were guests of the Association. At the Thurs- 
day luncheon Capt. John T. Ogden, just returned from 
a year’s service in the Middle East, told of some of his 
experiences while serving with the American Field Service 
attached to the British Armies. 


GEORGE AURIEN 


George Aurien, district sales manager of the South West 
territory for the Mississippi Glass Company, died Oc- 
tober 21st. Mr. Aurien had been associated with this com- 
pany since 1900 when he first served as assistant manager 
of the St. Louis plant and later as manager. 


GLASS SLICING MACHINES 


@ We manufacture a variety of 
wet glass slicing machines for 
solid glass bars, glass tubing, 
etc. We can also supply a full 
line of special glass working 
machinery for the production 
of television tubes. fluorescent 
tubes, incandescent lamps, glass 
ampules and vials. Glass work- 
ing lathes and laboratory equip- 
ment of all kinds. Cross Fires 
and Torches. Ask for our 
catalogue. 


© 
EISLER ENGINEERING CO. 
CHAS. EISLER, Pres. 
742 SOUTH 13TH STREET 
(Near Avon Avenue) 
NEWARK, N. J. 




















GLASS COLORS ¢ CHEMICALS 


COLORS — acid and Alkali Resistant: 
Transparent and Opaque’ White and 
Colored Enamels - Weatherproof Colors: 


Fluxes .... Ices* Liquid Lustre Colors’ 
Burnish Gold. 


CHEMICALS — Acids +» Ammonium Bifluor. 
ide + Antimony Oxide + Arsenic + Barium Carbon- 
ate - Bone Ash + Borax * Cadmium Sulphide + 
Chrome Green Oxide + Cobalt Oxide + Copper 
Oxide + Cryolite + Feldspar + Fluorspar + Iron 
Chromate + Iron Oxides » Manganese Dioxide - 
Potassium Carbonate + Potassium Bichromate + 
Salt Cake + Selenium + Soda Ash + Sodium Anti- 
monate * Sodium Bichromate + Sodium Nitrate + 
Sodium Silico Fluoride * Sodium Uranates + Sulphur 
* Titanium Dioxide - Uranium Oxide + Zircorium 
Oxide * Zirconium Silicate. 








THE O. HOMMEL COMPANY 


FOURTH AVE. PITTSBURGH, PENNA 
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Client Quality Manuf 


Compiled by A. M. Hamilton 


eTISING ESTIMATE 


acturing CO- 


“Tl said Advertising Estimate... 


Not Guesstimate’’—AcENcy SPACE BUYER 


«“< 


E think it’s just as important for our 
clients to know all about the circulation 
of the publications that carry their advertising 
as it is for them to know about insertion dates 
and advertising rates. 


“Circulation is the commodity the estimate 
covers and it’s what the advertiser is paying 
for. We think it’s good business practice to 
identify the type of circulation 


provide an index that permits the best use of 
our judgement and experience.” 


This paper is a member of the Audit Bureau 
of Circulations. We belong to A.B.C. so that we 
can supply facts about our circulation in ac- 
cordance with the standards and terms that 
have been approved by advertisers and agen- 
cies. Our A.B.C. report tells how much circu- 
lation we have, how it was 





in our recommendations. 


““*A.B.C.’ after the name of 
a publication is our clients’ as- 
surance that the selection was 
made on the basis of verified 
information. Our clients know 
that the facts in A.B.C. reports 





SEND THE RIGHT MESSAGE 
TO THE RIGHT PEOPLE 


Paid subscriptions and renewals, as 
defined by A.B.C. standards, indicate 
a reader audience that has responded 
to a publication’s editorial appeal. 
With the interests of readers thus 
identified, it becomes possible to 
reach specialized groups effectively 
with specialized advertising appeals. 


obtained, the business or 
occupational analysis of our 
readers, how many subscribers 
renew and other facts that are 
indispensable to effective, eco- 
nomical media selection and 
space buying. 
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CURRENT PRICES OF GLASS-MAKING MATERIALS 


FURNISHED BY PRODUCERS, MANUFACTURERS AND DEALERS 
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Base Materials Coloring Materials 
Carlots Less Carlots Carlots Less Carlots 
Barium carbonate (BaCQOs), gad (Witherite) : “ 
90%, 99% through 200 mesh. ........... ton 50.00 55.00 Barium selenite (BaSeO3)...............06. Ib. seen 1.40-1.60 
Precipitated Pa Senioesee dacs evans 55.00 60.00 (Commercial, 25% Selenium).......... Ib. baie 85 
Barium sulphate, in bags................. ton 19.00 24.00 Cadmium sulphide (CdS)...............05. Ib. wa 1.10-1.15 
Barium sulphate, glassmaker’s, carlots, bulk : 
ER ee ton 15.00-16.00 18.00 Cerium hydrate— 
Borax (NagByO710H20) 100 Ib. drums and 600 Ib. barrels... .... Ib. rare 60 
Gramulated..2.2..L.2LLLLILTIn bags ton 4800 56,001.00 | Chrome Oxide Green, 400 Ib. bbis........... ie nee 25-28 
PORIIG A Wonk ea bbe ceccceen In bags, ton 50.00 61.00-66.00 Chromite (99% through 200 mesh)......... hii 58.25 G6A.75 
Boric acid (H3BO3) ee 5 
Cremiaes c<4 és ivnceowse In bulk, ton 95.50 Chromite ore (air floated)................. ton 58.25 64.75 
Gres adsco<s oxosbvecs In bags, ton 99.00 111.00-116.00 
Calcium phosphate (Cas(PO,4)2)............ Ib. 07 07% aay piney (Cox0s) ves * 
n inane bnues edad 3 Ss. or more, Ib. eee 1.84 
Cryoiite — F¢) Natural Greenland siaaa Less A ad 350 tg th. yes 1.94 
KGa tale Sad tend id bigs csoxs 6 b. j - 0934 10 Cc ide— 
ynthetic (Artificial). ...........0008.. Ib. No supplies available. aan ee ' in vid 
Feld par—(published list prices) RE ge SE ea ra Ib. ‘ead -20-.22 
L , MA MR a soa dg sen vwsnnnieoce Ib. <stis -19-.224 
) iat ane beech censdscendaseeee ton 11.00-13.25 Black prepared : Ib Osten ein 
OGG beG pikes etncthsaesnetieet ton I 0S: 0) Ses Le eee ya rane eS ‘ seg ee 
Granular. . ae pecvedesces evcadbuse ton 11.75-14.00 Iron Oxide— 
-emi-granular. eee eee eee eee -ton 11.00-13.25 NMI OS s5. aedcsistpeoaese id Ib. St 0614-10 
L. C. L., (Min. 2 tons) $3. 00 per ead additional plus charge for bags. ESS ICES lb. 
Fluo — (CaF2) oman ground, 96-98% 
(max. SiOQe, 2 I Ci ks hi laa war's Ib .035-.05 
in Boge eeeees te » ee: ae 50.06 Lead Chromate (PbCrO4) in bbls.....-....6Ib. 16 
Kryclith (see Cryolite) EMiiemt COOBRRE. oo... oc ccvccccccieseee Ib 1.25 
Leaci Oxide (PhgO,4) (red lead) (N. Y.)...... Ib. .0900 esti : : 
In GeAS 23 c wai nace nase mcseeast Ib. jens .0950 Manganese, Black Oxide African 
GTO PIR ola tawncstdvareo acs Ib. aiken 10 ae Se PP ee ton 70.00 78.00 
Lime — I, ros oes tebhetsusees ton 71.75 79.75 
Hydrated (Ca(OH)2—Mg0O) (in paper sacks) ton 8.50 9.50 PER FUGn ee adv sabbpewecstasene< ton 7 82.00 
Burnt (CaO-MgO) ground, in bulk..... . ton 7.50 hives Neodvmni 5 
alate, i COE, 6 ns canees b. een : 
Burnt, ground, in paper sacks........... ton 9.50 9.50 nent eniete, SO. doves “s _ 
Burnt, ground, in 191 Ib. gross drums Per drum 1.70 1.80 Nickel oxide (NieO3), black. ............... Ib. aewtt 34-40 
Kiln Dried (CaCO3-MgCOs3) 10x30 mesh. .ton 2.00 Siiea : : . _—— 
Nickel i | ee b. ane 35-37 
Kiln Dried (CaCOs-MgCOs) 16x20 mesh. .ton 2: bake en eae . - 
Nepheline Syenite, f. o. b. shipping paint ik ala os Potassium bichromate (KgCr2O7)— 
n bulk, ton 12.00 15.00 Crystals and Granular................. Ib. 09% 0934-10 
Potassium carbonate— Powdered Ib 10%-.10'% 
Calcined (KeCOs) 96-98% ............055 Ib. 065 Mi hell eee ee ot a ne . pith ee 
Hydrated 80-88%... cc cccccccccccccces Ib. .055 0575 Potassium Chromate (KeCrO,) 100 Ib. kegs. .Ib. ary -26 
" : 2 _o P 
Salt cake, glassmakers (Na2SO,) in 2. ie ee “= 22.00 28.00-:30.00 NS * CAIEE T 2e pen eee mae ee eee 21-25 
12 : 4 i 
Soda sal np anotanpepaaedge Oe ee 95 ala Rare earth hydrate— } 
in bn ..-Per 100 lb. 1.35 siiote PGA 5 esp ieicodanes senna b. anand 35 i 
n Paper ....Per 100 Ib. 1.10 BO Minas cuicekdnens ecwedse ce t 3 
iste... Per 100 Ib. 1.15 ae ousirmene “ ” f 
Sodium nitrate (NaNOs;)— Selenium (Se) in 100 Ib. lots................ Ib. nig ate 1.75 ; 
Refined gan. Vid Wiles oo. Per “100 Ib. sit 3.00-3.40 i NT Qs o 68.0.6 oe dicccccegws Ib. nas 1.85 ; 
% and nia 4 4 =e 3 
. a ©, 8 ) eee b. 7} .0714-.07% 3 
Ninian ans Vonivis Per 100 Ib. 1.35 3.60-4.00 area cnet * a rn } 
SDF ba Kaiten acy vtec beKvadon 1.4675 sees Sodium chromate (NagCrO;) Anhydrous. .... Ib. 0854 .0874-.09% 
IGS. 25.4 gt cbc eae en oe Gane sie 1.5025 eae } 
Sodium selenite (Na2SeO3)................- Ib. ah ren 1.50 -1.65 
J > 7 
Special Materials Sodium uranate (Na2UO,4) Orange... ....... Ib. ee 1.65 
Carlots Less Carlots i RE gear Ib. soley 1.65 
Aluminum hydrate (Al (OH)3)............. Ib. .031-.034 .045 Sulphur (S)— 
Aluminum oxide (AleO3)..............0..0005 .07 .09 eer rr re Per 100 Ib. 3.40 3.75-4.15 
Antimony oxide (ShiO3). .......0.000.e0ees Ib. 15 .1544-.1644 Flowers, in bags.........-.... Ber 100%. oe een Apapoed 
: " F Flour, heavy, in 250 Ib. bags... . Per 100 Ib. 2.95 3.30-3.70 
Arsenic 
EE Tt EP eee Ib. 044% 04% Urani ide (U black, 96% UsO, 
Regular refined white. Ib. 04 044g ae bes 
Arsen trio > 4 on. " SO SESE Sr ered heey . ies 2.56 
H “he haw 6 gene pessered BS % Aspe 01-04% 0414-0434 Ns kw 00:6% + 650660 00n0¥oenees Ib. Tee 1.65 
ee nitrate (Ba(NO,)s) EE Ree ee” Ib. gee Open price. 
Pyrophyllite (20% AleO3). ............005: ton 10.00 13.00 
Sodium fluosilicate (Na2SiF¢).............. Ib. 05 .08 
Tin Oxide (SnOs) in bbls. Ib Open price % 
pao Prey Te » iat ‘ —" 
ininitieth Sidhiie Aeiiindn toate) Polishing Materials 
= —o sh gtitem sino we'0e'e bimneakre Wb Pare Ib 14% Jade Carlots Less Carlots 
Pe wi dae ne vnchessydns vectowe Ib 14% vate Pumice Stone, 
Zinc Oxide (ZnO) American Ground FFF, FF,-F......... Ib. .04 0414 
American process, bags................ Ib. 07% 07% Ca aeactsaenwbsandcicweoes Ib. 05 05% 
White Seal, 150 Ib. bbls................ Ib. 0934 10 
Gee tie ee as lb. 09 091% Ny I bs ca pcdica sduieedéinadn oe Ib. Open price. 
Domestic White Seal, bags............ Ib. 09% 09% 
Seal 21 ie 
Red LCR Ib. 0814 0834 Rotten Stone (Domestic). .............+46. Ib. 02% 03% 
Zircon RS TNs sw icssds carnin oe dee vw eueeces une Ib. 18 16 
Refined Granular (Milled .01-.02c higher). . 05% .06 PT a og bhowcw Gncebcu ceases bianee tb. 15 18 
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POLAROID 


Glass Inspection polariscope 
Large Field — Brilliant Strain Patterns 
Adjustable—Binoeular Viewing-— Precise 


If your problem is strain detection we can help you 
through Standard Equipment or Special adaptations. 


Send for descriptive bulletin 


THE POLARIZING INSTRUMENT CO. 
630 Fifth Avenue (Rockefeller Center) New York City 
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% CAUSTIC SODA 
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ADHERENCE OF GLASS TO METALS... 
(Continued from page 423) 


“oxygen bonds” these bonds do not account for the 
marked adherence obtained. The action of the system 
cobalt enamel and steel seems to be specific. 

The coordination of cobalt in glass and crystalline 
compounds and the relation between coordination and 
color in cobalt glasses has been discussed and some ex. 
perimental evidence has been offered which indicates that 
no relation exists between adherence and color in such 
glasses. 
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JOHN EDGAR SHULL 


John Edgar Shull, 54, died October 13th at the Wash- 
ington Hospital, Washington, Penna., following a linger- 
ing illness. He was employed in the Sales and Service 
Division of B. F. Drakenfeld & Co. Inc. for the past 


eleven years. 


ALFRED NELSON FINN, OF NAT’L BUREAU OF 
STANDARDS, DIES 


Alfred Nelson Finn, chief 
of the Glass Section of the 
National Bureau of Stand- 
ards, Washington, D. C., 
and a Fellow of the Amert- 
ican Ceramic Society, 
died on September 21st 
in Lincoln, Nebraska. Mr. 
Finn had been a member 
of the Society for twenty 
years, becoming an asso- 
ciate member in 1922 and 
_ an active member in 1924. 
He served on numerous 
committee of the Glass Division, and was secretary for 
four years. 
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LOW MELTING GLASSES... 
(Continued from page 428) : 


On account of the empirical experience with aluminum 
as a stabilizing element in laboratory glass ware, the 
recent discovery of the effect of small amounts of alum- 
jnum ions in the attacking solution is of considerable in- 
terest. 10~* equivalent per liter of Al+++ ions in alka- 
line solutions practically inhibit the continuation of alka- 
line attack. This almost unbelievable efficiency has been ex- 
plained by Geffken as an adsorption phenomenon similar 
to the poisoning of a catalyst. Whenever an Al+++ oc- 
cupies the glass surface the attacking effect is discon- 
tinued. As long as there are enough Al+++ ions in the 
liquid to cover the entire surface, the surface is com- 
pletely protected. 


Calcium and barium behave in a similar way. B,O, 
does not. In the future the systematic study of the varia- 
tion of the building elements in the glass, especially of 
silicates, borates, and phosphates, in contact with both 
alkaline and acidic liquids, containing a variety of simi- 
lar “protective” ions, will furnish a powerful tool for 
the olution of our problem. 


Glasses of relatively high silica content are resistive, 
especially towards neutral and acidic media. If superior 
resistivity is desirable, the alkalis more than any other 
basic constituents must be restricted, or if possible, elimi- 
nated. This is the case, in fiber glass where the extreme 
ratio surface to volume encourages chemical attack. The 
partial substitution of sodium by potassium and lithium 
has also proved to be helpful. All basic oxides of the 
series K,0, Na,O, BaO, SrO, CaO, PbO, MgO impair the 
resistivity somewhat, if substituted for SiO0,. The only 
exception of the divalent oxides seems to be zinc oxide, 
small additions of which are almost as favorable in their 
effect as SiO,. Zinc oxide is especially advantageous 
against acidic arid neutral media, only in alkaline media 
it is inferior to CaO, as it forms soluble alkali zincates. 


The partial replacement of silica by alumina is ad- 
vantageous. Boric acid also increases the resistivity to- 
wards neutral media, but alkali easily desintegrate glasses 
high in B,O,. The beneficial action of B,O, in resistant 
glasses is based on the possibility to lower the alkali 
content without impairing meltability. TiO, increases the 
acid resistivity, but decreases alkali resistivity. ZrO, is 
claimed to make a glass resistive towards acidic, neutral 
as well as alkaline attack. Even though the chemistry 
of attack is changed considerably if borate or phosphate 
glasses are used instead of silicate glasses most of the 
previous principles are qualitatively applicable to these 
non-silicious glasses. Aluminum, for instance, again has 
been found advantageous in phosphate glasses. We have 
seen that Al,O,, and also ZnO and B,O,, are essential 
in stabilizing phosphate glasses, since the alkali and 
alkaline earth phosphate glasses are of rather inferior 
resistivity. 


"Research Fellow, Monsanto Chemical Company. 
*Ceramics Department, Pennsylvania State College. 





WANTED: Man with thorough and long experience in 
the Manufacture of thermos bottles. Plant located in 
Mexico. Reply giving full information, experience, age 
and training to Box 53, The Glass Industry, 55 West 42nd 
Street, New York, N. Y. 
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Hays Pressure Recorder and Automatic Pressure Controller 
in the plant of The Trenton Potteries, Trenton, New Jersey, 
manufacturers of the famous DURACLAY Sanitary Ware. 


CONTROL 


And You SAVE/ 


* 

Save in time, materials, fuel, man-power; 

minimize spoilage and guarantee a better, more 
uniform product. 





Hays Instruments for the Ceramic Field include air 
and gas measuring, indicating and/or recording 
gages, draft and pressure indicators and recorders, 
gas-air ratio meters, oil-air proportioning meters, 
combustion meters (CO, Recorders) and complete 
systems of Automatic Combustion Control. 


Bulletin 42-552, just off the press, explains the appli- 
cation of Instruments and Controllers to Ceramic 
furnaces, glass tanks, pottery kilns and enameling 
furnaces with schematic 
drawing of a complete 
system of Automatic 
Control of combustion 
and pressures. Sent 
free upon request. 
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Gunite A-CCA For Moulds 





GUNITE bottle moulds will reduce your produc- 
tion costs for GUNITE metal has the right hard- 
ness to facilitate easy machining and the right 
density to assure a metal which will take a brilliant 
polish. GUNITE has excellent thermo-conductivity, 
resistance to heat fatigue, freedom from foundry 
defects and an unusually long life. 

Gunite Foundries has developed a metal for every 
type of glasshouse castings. Miller plungers and 
guide rings, neck ring sticks, bushing stock, press 
and blow moulds. Write us today 


GUNITE 


FOUNDRIES CORPORATION 
ROCKFORD ILLINOIS 











FORTER-TEICHMANN CO. 


Engineers and Contractors 


for 
The Glass Industries 


E-X-€-L-U-$-1-V-E-L-Y 





119 Federal Street, Pittsburgh, Pa. 
Cable ‘‘Forter” 


Phone FA 1445 
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RESEARCH DIGEST . 
(Continued from page 430) 


annealing treatments and chemical composition crack. 
ing of the molds during use may be minimized. 

The results of their tests indicated that sand-cast irons 
are better than chill-cast irons. By alloying the chill. 
cast iron increased life was also obtained. An annealing 
heat treatment increased the resistance while a spheroid. 
izing heat-treatment reduced the resistance. A maximum 
resistance to cracking combined with the ability of the 
iron to take a high polish was obtained by the use of 
an annealed, chillcast alloy iron containing chromium, 
nickel and molybdenum. 

As alloying materials are scarce this latter iron may be 
impossible to obtain, the next best under present condi- 
tions therefore seems to be annealed sand-cast non-alloy 
irons if polish can be sacrificed for increased life. 





INDUSTRIAL RESEARCH 
By F. Russell Bichowsky 


The extreme social and national importance of industrial 
research is well illustrated in this book which presents 
the theory of research and the general principles of man- 
agement and organization which have proven success{ul 
in the laboratory. It is a manual for the research direc- 
tor and for the business executive. Application is made 
of theory to detailed problems which arise in practice. 
Factors of invention are thoroughly covered; advantages 
and disadvantages of research for the small company, 
and for the large company; equipment, ‘and technical 
control of the laboratory. 





STATEMENT OF THE OWNERSHIP, MANAGEMENT, 
CIRCULATION, ETC., REQUIRED BY THE ACT OF 
MARCH 3, 1933. 

THE GLASS INDU a published monthly at 55 West 42nd 


Street, New York, N. for October 1, 1942, State of New 
York, County of New York, gs: 


Before me, a Notary Public in and for the State and County 
aforesaid, personally gg ooo T. Ogden, who, having been 
duly sworn according to law, ses and says that he is the 
Publisher of THE F CLASS. IND BTRY and that the following is 
to the best of his knowledge and belief, a true statement of the 
ownership, management, etc., of the aforesaid publication for the 
date shown in the above caption, required by the Act of March 3. 
1933, embodied in section 537, Postal Laws and Regulations, printed 
on the reverse of this form, to wit: 

1. That the names and addresses of the publisher, editor. manag- 
ing editor, and business managers are: John T. Ogden, 55 West 
42nd Street, New York, N. 

2. That the owners are: Ogden-Watney 
West 42nd Street, New York, N. 
42nd Street, New York, N. : $F 
42nd Street, New York, N. 


3. That the known a ea mortgagees, and other security 
holders owning or holding 1 per cent or more of total amount of 
bonds, mortgages, or other securities are: None. 

4. That the two paragraphs next above, giving the names of the 
owners, stockholders, and security holders, if any, contain not only 
the list of stockholders and security holders as they appear upon 
the books of the company but also, in cases where the stockholder 
or security holder appears upon the books of the company as 
trustee or in any other fiduciary relation, the name of the person 
or corporation for whom such trustee is acting, is given; also that 
the said two paragraphs contain statements embracing afhant’s full 
knowledge and belief as to the circumstances and conditions under 
which stockholders and security holders who do not appear upon 
the books of the company as ag oy hold stock and securities in 
a capacity other than that of a bona fide owner; and this affiant 
has no reason to believe that any other person, association, or 
corporation has any interest direct or indirect in the said stock, 
bords, or other securities than as so stated by him. 


(Signed) 
JOHN T. OGDEN, Publisher. 
KATHERINE WALLER OGDEN, President. 


Sworn to and subscribed before me this 
ber, 1942. 


Publishers, Inc., 55 
Y.; John T. Ogden, 55 West 
Katherine Waller Ogden, 55 West 


24th day of Septem- 


Eli Ravikoff, Attorney & Counsellor-at-law 

Off. Add: 55 West 42nd St., N. Y. City 
Residing in Bronx Co. Clerk's No. "12 

N. Y. Co. Clk. No. 39, Kings Co. Clk. No. 8 
Commission expires March 30, 1943 
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For All Types of Glassware Moulds & 
Grey Iron Castings 


OVERMYER MOULD COMPANY 


Winchester, Indiana 


For All Types of Glassware Moulds 
OVERMYER MOULD CO. of PENNA. 


Greensburg, Penna. 


For Screw Products 


OMCO PRODUCTS CORPORATION 
Springfield, Ohio 


MAIN OFFICE . . . . WINCHESTER, INDIANA 





os, FLUXTITE 


a 3 ont Superior because Ceramic Engi are 

\\ testing them against service conditions in Laclede- 
Christy's glass-melting test furnace. Superior because 
the several ingredients, which include the famous 
Missouri Washed Pot Clays, are tested for proper types of glass in the Americas. 
aging and de-airing before they are blended and 
formed into FLUXTITE. panion products, and 


1 Glass 
4 Tank Blocks 








LACLEDE-CHRISTY 


The World’s Largest Producers of Glass House Refractories 


TOLEDO 


Satisfaction has been proved by the many repeat 
orders for FLUXTITE tank blocks — earned by the 
long service they render. This record of service has 
made FLUXTITE famous among the producers of all 


Try FLUXTITE, the superior tank block, and com- 
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GLASS SPECIALTIES 


Transparent Colored Blown Sheet Glass 
Solid Pot Opal Blown Sheet Glass 
Flashed Opal Blown Sheet Glass 
Colonial Antique Colored Glass 
Heat-Ray Resisting (Cool Giass) 
“TWIN-RAY”—the 
scientific illuminating 
glass. 














L.J. 
HOUZE 
CONVEX GLASS CO. 
Point Marion, Pennsylvania 
New York Office: 110 West 40th St. 


Chicago Office: 1597 Merchandise Mart 
“IF IT’S MADE OF GLASS, ASK US FIRST” 











THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS AND CONSULTING 
ENGINEERS 


FOR THE GLASS INDUSTRY 


LANCASTER, OHIO U. S. A. 








MIN-OX 


The Binney Castings Company 
Originators of Alloys for Glass Moulds 


2555 Dorr Street Toledo, Ohio 
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FOR VICTORY TODAY 
AND SOUNT 


Get This 


This War Savings Flag which flies today 
over companies, large and small, all across 
the land means business. It means, first, 
that 10% of the company’s gross pay roll is 
being invested in War Bonds by the workers 
voluntarily. 


It also means that the employees of all these 
companies are doing their part for Victory 
...+ by helping to buy the guns, tanks, and 
planes that America and her allies must have 
to win. 


It means that billions of dollars are being 
diverted from “bidding” for the constantly 
shrinking stock of goods available, thus put- 
ting a brake on inflation. And it means that 
billions of dollars wi!l be held in readiness 
for post-war readjustment. 


q 


Save With 


Flag Flying Now! 


Think what 10% of the national income, 
saved in War Bonds now, month after month, 
can buy when the war ends! 


For Victory today ... and prosperity tomor- 
row, keep the War Bond Pay-roll Savings 
Plan rolling in your firm. Get that flag fly- 
ing now! Your State War Savings Staff Ad- 
ministrator will gladly explain how you may 
do so. 


If your firm has not already installéd the Pay- 
roll Savings Plan, now is the time to do so. 
For full details, plus samples of result-getting 
literature and promotional helps, write or 
wire: War Savings Staff, Section F, Treasury 
Department, 709 Twelfth Street NW., 
Washington, D. C. 


War Savings Bonds 





This Space Is a Contribution to America’s All-Out War Program by 
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